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(54) Title: HIGH THROUGHPUT ASSAY SYSTEM ' ' 1 

(57) Abstract : 

The present invention relates to compositions, apparatus and methods useful for concurrently performing multiple, high throughput, 
biological or chemical assays* using repeated arrays of probes. A combination of the invention comprises a' surface, which comprises a 
plurality of test regions, at least two of which, and in a preferred embodiment, at least twenty of which, are substantially identical, wherein 
each of the test regions comprises an array of generic anchor molecules. The anchors are associated with bifunctional linker molecules, 
each containing a portion which is specific for at least one of the anchors and a portion which is a probe specific for a target of interest! 
The resulting array of probes is used to analyze the presence or test the activity of one or more target molecules which specifically interact 
with the probes. In one embodiment of the invention, the test regions (which can be wells) are further subdivided into smaller subregions 
(indentations, or dimples). In one embodiment , of the invention, ESTs are mapped. -In another embodiment, the presence of a target 
nucleic acid is detected by protecting the target against nuclease digestion with a polynucleotide fragment, and analyzing the protected 
polynucleotide by mass spectrometry. .' . » 
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HIGH THROUGHPUT ASSAY SYSTEM 


This application claims priority of provisional application 60/068,291, filed 
December 19, 1997, and of U.S. application of serial number 09/109,076, filed on July 2, 
1 998, each of which disclosure is incorporated by reference herein. 

Background Of The Invention 


This invention relates, e.g., to compositions, apparatus and methods useful for 
concurrently performing multiple biological or chemical assays, using repeated arrays of 
probes. A plurality of regions each contains an array of generic anchor molecules. The 
anchors are associated with bifunctional linker molecules, each containing a portion which 

10 is specific for at least one of the anchors and a portion which is a probe specific for a target 

of interest. The resulting array of probes- is used lo analyze the presence of one or more 
target molecules which Interact Specificaiiy with the "probes. The invention relates to diverse 
fields distinguished by the nature of the molecular interaction, including^but not limited to 
pharmaceutical drug discovery, molecular biology, biochemistry* pharmacology and medical 

15 diagnostic technology. J ^; 

Pluralities of molecular proves arranged on si#|apes on -chips'* .have been used in a 
variety of biological and chemical assays. Assays are* perfoirmed to determine if target 
molecules of interest interact with-any of the probed ' After Reposing the probes to target 
moleculfes under selected .test; conditions, detection 4#ices determine whether a target 

20 molecule has interacted wit&a given probe. 

These systems are useful- in a variety of- screening procedures for obtaining 


Wtii "i, 


O : iiT 
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information about either the probes or the target mole'etilesV : For example; they have been 
• usea^'scn^'-fo^fk^tidfcs*' or 'potential' drugs wHicK^bifid'fo a receptor of interest, among 
othereVto : screeh samp for the presence 6f; for ^ exkfripfe, genetic mutations, allelic variants 
ixMaf ^Qsf^SllatiSml; itfr* a'pBrtieiilar pathogen or strain of pathogen, among many others; to study 
5 geri^ expressi oiij for example to identify the mRNAs whose expression is correlated with a 

paiticmla^physto^ 

v TKi^ ifivehtidfr provides^ 'tompbsitibhS, ; ap^^atus ''aind-'-mfcthods' "'for f concurrently 
perfeiinifig'nlultiple' biologicall or dhfemical assays, and allows for high throughput analysis 

10 of multiple Skniplfes - Tor example; 'multiple p&tierit samples to be screened in a diagnostic 

assay, >6v ttitfltiple potential dfugs or th^apteutit 1 agents to be tested ih a method of drug 
discovery;^ A combination is provided whibh iS useful for the detection of one or more 
targets iii ^sari^lfei? This comDifiatibri' Comprise a surface comprising a plurality of spatially 
disdrete^^idnsvAvtech can b^tenhed te^it regions and wWch can be wells, least two of 

1 5 which-; %r£ f Substantially identical. ! °Each surface coiiiptises at least two- preferably at least 

twenty or more, e.g., at least about 25, 50^96, 864, or 153i6, etc;, of such substantially 
identical rqgiorisv rc E4dh test 'region defines a space 'for the introduction of a sample 
containinjg ^or^oterfflally cbtftdiiiihg) one or more targets arid contains a biological or 
chemieal^afTay. * (Phrases' Stich' is ^safh^le containing a target" or ''detecting a target in a 

20 sample-'' where no 

target^ contained of d^tecfed; 1 fir d 7 general sense, ; this invention involves arrays to 
det^imin^ii^tlier & target is <2ohtairied j in a sample iitespective of Whether it is or is not 
detected^ Irl^ "ichors;" eacfrin association witli a bifunctional 

liiiker ; m6lS^ri6^^uch has- a fir^ 4 p6rfioS that is specific for the £n6hor and a second portion 

25 that com^Hses 1 aerobe wliicb : iisl^ecific for at least orie of the target(s). The combination 

of this iriVetffiftffis placed iri^corifect with a sampl^-coritaining one or tnbre targets, which 
optionally^ fekct With a dietbctbf 1 ^ by a detection device 

which detects reactions between target molecules and probes in the test regions, thereby 
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, generating results of th^^ay lv;; r \.,^n-r: -~tfz* ■ ■■ 

The invention, .p^pyid^ t methods and .compositions particularly useful, .for high 
throughput biological ^says T ^a. especially preferred embodiments, the invention can be used 
for high throughput screeningrfor (drug discoyei|y..F ( o,r example* a high throughput assay can 
be run in many (100 for exarnple) 96rW^ : TO?rpplates at one time; Each well of a plate can 
have, e.g., 36 different tests pei^pimed in k array of about 36 anchor and linker 

pairs. That is, 100 plates, with 96 wells per plate, and each with 36 tests per well, can allow 
for a total of 345,000 tests; for % ^j^\^w^Qifj9 9 6O0 different drug candidates can be 
tested simi4tanept^ly for 36 diff^ High throughput assays provide 

much, more . information-- .for &acli ; -jtog ^cmdidat© than; do assays winch test, only one 
.parameter at a4im,e.. For example, it is possible in a single initial high throughput screening 
assa^ to detenn>inq whether a drug^apdidate is selective, specific and/or nontoxic. Non- 
. high throughput methods necessitatis extensive follow-up. assays to lest such parameters for 
. .each, drug candidate- of interest £ , Several types of high throughput screenings assays are 
described, e.g., ui Examples 15^17. : The ability to perform simultaneous variety of 

. biological assays and to do: very many assays at once {f.e., ,in yery T higli throughput) are two 
r . importajcit advantages of the inyentipn : v ; • ir; \ ; *:.- r: / , , r >. v: ru. *o 

In one embodiment, for example, using 96 5 wejl D^f A Bind plates (Corning Costar) 
made otpolystyre^e with a deriv atized surfaQe : for .the attachment of primary amines, such 
as amino acids- or modified oligonucleotides, , a collection of 36 different oligonucleotides 
, can be spotted onto the surface of every well of every plate to serve as anchors., The anchors 
can be covalently attached to the de;rivatized polystyrene, and the samp 36 anchors can be 
used for all screening assays. For any particular, assay, a given set of linkers can be used to 
program the surface of each well to. be.^pe^ifiafpr^ as many^as.^d differenttargets or assay 
types of interest, and different test £qmple$-pan b? applied to ;each of ihe ; 96 wells in each 
plate. The same set of anchors can bensed multiple, tinies tp re^ogram the surface of the 
wells for other targets and asssys of interest, oi^ times with the 

same set of linkers. . : This., flexibility, and reus^iUty Te^resent, filler advantages of the 
. .invention.. ,„..« ,,, ^.-i ...... ^ :•- •»- ,• 
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-r >; .»Pnfi ernbocUwent of; the invention is a con^biijat^q^^eful for the detection of one or 
more t^rget(s) in a. sample, which comprises, bef$r^tfa$^ of said sample, 

. .a),. » asurfac^, comprising multiple spatially discrete regions, at least two of which 
are substantially identical, each regipn, comprising! ■ ■; 

, v . fi -b): .. # atleast eight different pHgonucleotide anchors, each in association with 
- .i-or. i?); .. . a bifpncti^^ first portion tfyat is ^specific for the 

oligonucleotide anchor, ai?<J a secpnd^pqrtion that comprises a probe which is specific for 

sa^ f ,target(s). . . • : . r r . : i:: ■ /'tiv.j .:-> -., • -\-J;.v ->•.. ■;...»■ 

5 : ; : ? ; , Anottier embodiment ^the.^YQrrtionas a combination useful for the detection of one 
or ;mqre, t£rget(s) 5 in^a sample, which cpmprises^ before, the addition of said sample, 

; , ; . ^) orv : a surface, cpmprismg mukiple spatially discrete regipns v at 
ar^ si&st^ti^y identical,, ea,ch f egjp^comprising, c . . .. ,j, f j Vf( , : 
? \ ' J^.lea^t eight differed association with. : . . 

: , ai c) : -: 0 j ^itonctional lk^er v whiplrhas ( a firftTpoMpnsffiafis specific lor the anchor, 
and a { gpcond portion that comprises a probe whiclj is specific, for said targets). ; 

: v^other .embodiment of the inyentipji, is. a method fpT detecting at least pne target, 
:wych cpmprises s contacting a s^ple whicji pay comprise tfre ; target(s) with a combination 
as described .above^iinde? cp^ditians effective for $aid target(s) to bind to said combination. 
Another; j^bo^i^ R2S[A expression pattern, which 

cpmprises inpubating a sample- yhic3ti r p9inpri-?es 3 as> target(s) at least two RNA molecules 
with a. combination as described abpyej wherein at least one probe of the combination is a 
nucleic a^id oli^^ selective) for at least one of the 

targ^ for specific hybridization of the RNA 

ta^getCs^tQjt^^^r^beCsX , ^qth^ embodiment «is a . method , for identifying an agent (or 
cpnditipii(^)) J^at^odulatqs n pL .RN which, is the method described 

above for dete^ining an RHA^ exp^es^ipn-pattenj, .further comprising comparing the RNA 
expression p^t^ piroducedi in, the^presence.of said agent (or condition(s)) to the RNA 
expression pattern-pro^^ ■...*■.-,.>., , 

By ,w^y ofj exaioplfij Figures, l t/ and 2 illustrate a combination of the invention and a 
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method of using it to \ictect-aii- : mRNA target. The- surface of the inv ention, shown in Fig. 
2, contains 15 identical test ie^ions; in an especially preferred embodiment of the invention, 
each of these test regions is a&eilin a microliter plate. Each of die test regions contains six 
different anchors, here indicated as numbers 1-6. Fig. 1 schematically' iiiUstvafes one of 

5 those anchors, anchor 1, which, in a most preferred embodiment of the invention, is an 

oligonucleotide. To anchor 1 is attached a linker molecule, linker 1, which comprises two 
portions. The first portion, which is specific for the anchor, is hi this illustration an 
oligonucleotide which can hybridize specifically to the anchor. The secoil& portion, which 
is aprobe specific for the target of interest - here, target mRNA 1 - is in this illustration an 

10 oligonucleotide which can hybridize to that target. Although not illustrated iii this figure, 

each of the remaining five anchors cati hybridize to its own linker via the anchor-specific 
portion; each linker can contain a p^ from 
(or the same as) mRNA 1 . This'illustrated combination can be used to ajssay as many as 1 5 


different samples at the same time for 'the presence of ihRN A i (or, simultaneously, for 
15 mRN A targets which are sp&ifeed (prbgrammied) by the other five- probed- in 1 the array). To 

' perform the assays each sample; which in this cxariiple can be ah-RNA 1 extract from, say, one 
•i ■: c. of 1 5 independent cell lin£s, is added in a small Voiurhe' to one M the' regions; or wells, and 

■■ * * ■ jr.* 

incubated under conditions effective for hybridization of the probe afid'the target. In order 
to determine if mRNA 1 : is present in a sample/ a detectioh device 1 wHibh can recognize 

20 patterns, and/6r can interrogate specific locations withiii each regio^ for the presence of a 

signal, is employed. If the celi lines are incubated under conditions in Whibh their mRNAs 
are labeled ih vivd with at tag, MfrifihRNA'l is prc^ieht ih^iampl^ the'detector will detect 
a signal ^itiahating from the tagged mRNA -at 'the location defined b^ ; Mch6r/probe complex 
1 . Alternatively, the mRNA x^an be •difecHy Y&oblz&in vitrei; -befdtfe? dialler being added to 

25 the regions (wells). Alternatively /as is iliustr^ed- in Fig! ; 1, ifnKNii fefebe tagged indirectly, 

before or after it has hybridized tb the probe, e.g:[ : by iheubating 3 xhe SNA with a tagged 
"detector" oligonucleotide (^get-specific reporter ^igbnucleotide) which is complementaiy 
to a sequence other thstn that tecogriited by fee probe; 'Mtfre iliustiated example, 15 samples 
can be analyzed simultaneously: Becaiise at leadt 20 or more, e;^./ many as 1536 or more, 
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samplpS:^an:be ^Ln^tyzed simultaneously with thisui^vemtion,; it is a very high throughput 
as$sy ; System. , c;^ j -;r-- • r nh! ic aswis-T: . = 

:v- ■.? o b&fiftsed hereift; v "target" refefsito a substo(reoi^ose<presence, activity and/or amount 
is desired to be determined and which has an affinity for-a given probe. Targets can be man- 
5 mads $t niatujrallyrQecUnifig substances; Alsoi they . can be employed in their unaltered state 

; r o t r ^aggregates with p.fber species/; -.Targets cari be attached, coyalehtly or noncovalently, 
. tp.a bindingmember^ either directly; or Via a specific binding substance- Examples of targets 
which? can:be employed 'in this invention include, : but are not limited to, receptors (on 
vesicles/ : lipids, iceU^membran^ receptors); ligands,* agonists or 

1 0 antagonists which bind-to specific receptors; polyclonat antibodies, monoclonal antibodies 

and antiserarreactive.with^ specific antigenic determinants (such as on viruses, cells or other 
. materials);; dm rRNA, 
oligonucleotides; DNA; \dralRNA;or DNAy ESTs, cDNA, PGR-amplified products derived 
\. frGmEKA6r>DNA^ (including 
1 5 enzymes, (Siich as those responsible for cleaving neurotransmitters, proteases^ kinases and 

the like); >?i!ibstrates for enzyipes; peptides^cafactors;! lectins; sugars; polysaccharides; cells; 
cellularmembraies; organelles; e£c., : as well as other such molecules or other-substances 
which canexistin complexed* covalently bonded crossliriked, etc. form. As used herein, the 
term&tiucleifc acid, pblynucl&otide, pplynucleic acid and oligonucleotide are interchangeable. 
20 TargetsoCm also be tefeiT^^ ^ , i* ; ;, 

As\used herein, a * c probe£Vis a substance, «.g.;'a motecule, that can f be specifically 
recognized 1 by; a particular target;. iThe types of potential probe/target or target/probe binding 
partnerSq r inoiude* receptor/Kgand;n ligand/antiligand; nucleic acid: 1 -(polynucleotide) 
interactionsfabchaS^ nucleic acid)/nucleic acid; 

25 enzymes, other catalysts, or :other substances; with substrates, small molecules or effector 

molecules; etc^Examples ofprohes: that rare contemplated by this invention include, but are 
not limitedoto^ organic iind inorganic materials ;or~polymers; including metals, chelating 
agents or othetifcompounds* which interact specifically with metals, plastics, agonists and 
antagonists? for i^eH membrane receptors,* toxins and venoms, viral epitopes, hormones (e.g., 
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opioid peptides, steroids^eVc^horrnone receptors, lipids (including phospholipids), peptides, 
enzymes (such as proteases or kinases), enzyme substrates, cofactors, drugs, lectins, sugars, 
i. . nucleic acids (includi:ig ofi^onucleotides, ^DNA^ RNA, PNA or modified or substituted 
nucleic acids), oligosaccharides, proteins* enzymes, polyclonal and monoclonal antibodies, 
5 single chain antibodies, or fragments thereof. Probe polymers can be linear or cyclic. 

Probes can distinguish between phosphoiylated and non-phosphorylated proteins, either by 
virtue of differential activity or differential binding. Probes such as lectins can distinguish 
among glycosylated proteins. As used. /herein, .the terms nucleic acid, polynucleotide, 
; polynueleic acid and oligonucleotide are interchangeable. Any of the substances described 
10 above as "probes:' can also serve as: "target s^" and: vicp-versa. ! a .:rA % S* 

. Any compatible surface can be. used in conjunction with this invention. The surface 
(usually a solid) can J be anyof a:variety bfsorganic or inorganic materials or combinations 
I.. ..^thereof, including, meirelyby way d£&xample 4 plastics such as polypropylene or polystyrene; 
.. . r pexamic; silicon; (fused) silica, quartZ;or glass, which can h^ 
15 < a glass microscope slide, or ,a glass -cover slip; paper, such as filter paper; diazotized 

; cellulose; nitrocellulose filters; nylon membrane; or pqlyaciylamide gel pad. Substrates that 
:< '/are transparent to light are useful when the method bf performing an assay involves optical 
^detection. In a preferred embodiment, the surface is the plastic surface of a multiwell, e.g., 
tissue xulture dish, for example a 24-, 96-, :256-p384-, ,864t or 1 536-well plate (e.g., a 
20 modified plate such as a Corning Costar DNA Bind. plate).: Anchors .cairbe associated, e.g., 

bound, directly wkh a surface, or can: be associated with one type: of surface, e.g., glass, 
which in turn is placed in contact with; a ;sec'6nd:sui-face; e.gv t within: a plastic. "well" in a 
microliter dish. The shape of the suiface is not critical: Itcan, for example, be a flat surface 
such as a square, rectangle, or circle;^ cltiveAstolacey or a G)ree dimenaonal surface such 
25 as ahead, particle, strand, precipitate, tube, sphere; '€tc;rV.v!.:r;.>o v^-ue c >; ,-.,;'<;,.. 

, ; The surface comprises regions. \^ addressable or 

identifiable; Each region comprises a set of anchors, • How the regions are separated, their 
physical characteristics, and their relative orientation In one 

embodiment, the regions can be separated from one another Uy any physical barrier which 
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1 ig' ipesistant ta the passage of liquids. For exampifepin a preferred embodiment; the regions 
- • can be-wells of a multiwell (e.g:, tissue culture) di^iforv example a 24-, 96-, 256-, 384-, 864- 
dr 1536-well plate. Alternatively, a surface such as a^lass surface can be etched out to have, 
for Example, 864 or 1536 discrete, shallow wells. Alternatively, a surface can comprise 
5 regfo^with no separations or wells, for example 1 a flat surface, e.g., piece of plastic, glass 

or paper, and individual regions can Itti^er be defined by overlaying a structure (e.g,. apiece 
of pl&stlc-Or gliss) wh&h delineates the separate regions. Optionally, a surface can already 
corttjiirise r ohe Ot morfe' arrays Of anchors,; or afichors associated with linkers, before the 
indiVidii&l tegioft^ each 
10 region r cari bfe Separated? fr©tn *>ne ariother^by blaiik spaces- On the surface in which there are 

ho anohore,-6f by cheifrieal b6undaries> such Saswax or silicones, to prevent spreading of 
~- biropists';- : If^yet * ^mher-tem%>odimjerrtl;^he regions- ean^bexdefined^ as tubes -'or ,fluid control 
chianhels,^:^., designed fof flow-throufgh assays, as disclosed, for example, in Beattie et al 
! (1995)PCYm: r Cherri. 700-706^ Regions withinoron^ etc. a surface can also be defined by 
1 5 modification^ of the suffice itself. ' For exanipie, a^plastfe surface can-cornprise portions made - 

of ihodifielf or deri vatized plastic, which cafi serve, e.g., as sites for the addition of specific 
types of jjtolynfers (e.^/PEG ^caiibe aiftiched to £ polystyrenesurface and then derivatized 
with carbbiyl or ^tnino groups, double boridsv aldehydes/ and the like). Alternatively, a 
pia^ic s\irface can icOmptiSe molded = structures such as protrusions or bumps, which can 
20 serw as : pliatfbfms for 

' take any of a Varied ^ 

' within* a : square r 6t rectan-girlar oriothet surface; radially extending arrays within a circular or 
other surf£cei"*liiiear to&yS,-etc.i-voc Lb:tM ^ a ii jj,-^ 

The spatially discrete re^iotisiof the invention are present in multiple copies. That 
25 is; fhere aS^al! ' least two; ^rbftbrabiy* at leaSst tWehty , or at least about 24, 50, 96, 256, 384, 

864, 1536, 2025, or mO^ regions. 
Increasing huiribers - of repeated 'regions tan allow for assays of increasingly higher 
throughput/ Substantially identical' regions,* as used herein, refers to regions which contain 
idehticdi- or substantial!^ identical arrays of anchors and/or anchor/linker complexes. 
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Substantially identical;; as ois^d:herein, means that an array ^pr region is intended to serve 
- essentially the same ;ftiTOtioii>:a§; ianother array, or region} ia the .context of analyzing a target 
in accordance with thisi^T^eBtion. DiffereFAQesflot essentially -affeQl3.ng .fun9J.ion, i.e., 
detectability of targets;! are;:' along: the: line... of -small nucleotide imperfections 
5 (omissions/inserts/suhstitutions)-or oligo imperfections (poor surface bindmg)^etc., which 

do not within assay accuracy. si^ificanily;affect:tar 

• ---Of course, -.one "of skill m the art,^ tiie regions on a surface 

. ■ need to be substantially identical : to one ano ther. For example, if two different sets of arrays 
.'i are to be testedin parallel;* it might bejadvantageousAo include both : sets of srrays on a single 
10 surface.; For example, the twp different ;sets of -arrays canbe arranged in alternating striped 

. patterns, to facilitate; comparison b6tween : thein.; In another embodiment, thp practitioner 
• ihay wish to include one or; morer region^ 

a * ::fiiom .the other regions • on • the surface and can thereby be used as a "registration Tegion(s).*' 
For example^ a registration region can,compr>eioligonuCieotides or peptides which display 
15 - ; /;.^avdistiiictive-pattern*.of:.fl-uorescent molejcules ;that jean be recognizee!} by ; scanning detection 
* : device' as a ^starting point" for aligning the locations ;pf the : regions, surface. 
y-> V/ The size an&physical spacing of the test regions are nQtlWHti$g«- Typical regions 

; / are of an area of about 1 to 4bout^0Q minl,' preferably I to about: 40 mm 2 , ; and are spaced 
V- about 0.5 to about 5 mm a^^ 
20 In a preferred embodiment,: the region arc spaced ^ 

each region could comprise a r^tangul^ 

amTDle, 8 rev ._ s. aiid.^^?^ -column , 
roiighly: circular ispots cf anchors which ar^ehout;, tOOrmicromete^^m diameter and 500 
micrometers apart; such a region would cover about $ 20 millimeter ^sc u?re area. . Larger and 
smaller region areas and spacings are- includes^ - ;:- ?o^/ ; ?ci T 

25 Th^ regions -can also be further . subdivided r ^uc^,,<hat A sp^e : py all,anchors within a 

region are physically sep.aratpd frpm neighborin g anchors by means. e.g? 9 of an indentation 
or dimple. For example, thenumber of subdivisions /subreg?ons) m a region can range from 
about i 0 to about 1 00 or. more or less. . In T one embodiment, a region which is a well of a 

» 

1536-well dish can be further subdivided into .. smaller wells^ e.g,, : about4 to about 900, 
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■ • J preferably about 1 6 to about 36 wells, thereby forMfig'&ff (array of wells-within-wells. See 
./"••Figs 4: c:Such a* dimpled^ surface reduces the to^rande Required for physically placing a 
* ; single anchor (or group of anchors) into each dg&ffc&(e3 'space (locus), and the size of the 
arda& tontaining anchors^ is . more uniform* thereby facilitating the detection of targets which 
5 bind to the probe. - ^- ; -~ - ; -. v ; ■ ! : . ■ , 

«*■"■ l r-^ri The tbrm "anchor** ks used herein defers to any entity or substance, e.g., molecule (or 
"gtoup" of substantially iderltical such substances (see, e.g., Fig: 7)) which is associated with 
1 ;(e:-giy imrnobilized oil; or attached eithet cb^aleritly or riori-cbvalently to) the surface, or 
wMchiig -a portion of such surface (e.g. •'derivatized portion of a plastic surface)^ and which 
10 can iUhdergb .specifics interaction or association with a linker or other substance as described 

hereirL Ak used>hereini ; an **anchor/lmker bo ekists When ian anchor and a linker have 

combined through molecule : ^^datidtoi in ' a-sjtecifid manner. The interaction with the 
linker can-be eittier irreversible, such is viabertairi covalent bori^ such as via 

nucleic ^cid F hybridizati6n/ Iri a preferrfed embodiment, the arichdr ik a nucleic acid, which 
15 can be r 6f 'any fength (eig:, an oligonticlebfide) ot type (e.g., ©NA, RN^PNA; or a PCR : 

product bfean"RNA ! dr DNA molecule). The-nucldic acid can be modified 6r isubstituted 
(e.g.* fcbmfMsnig*non hdturaliy occulting nucleotides 1 such as; e.jglV inosihe; joined via 
various 4biown -linkages - such ' ass r H -sulfa(mate; -'sulfamide- phosphorothionate, 
''*'-^^ethyl|>h61sphbtlat6 : , , ••• c^bamate, - v etclf ; <*r ;i a r sertiisynthetic molecule such as a DNA- 
20 « streptavidfti conjugate, etc.): Single stranded hucldic acids are 1 preferred 1 ; Thfe anchor can 

also be a : peptide or a preteift. $br example',- it cWtifeV polyclonal or monoclonal antibody 
• ^nolecfate or fiagrhefit thereof^ or single chiain antibody or fragment thereof, which binds 
specifibally to *hfe portion of a Uhker : that v is an^antijgen or an autoantibody mblecule; in the 
obverse, the ^bhbr cM be a pe^tidfe; atidlhfe portibh of the linker which binds to it can be 
25 ; an antibody r af j 'the' like . : ih^alibther embddlmdht; c the anchor can be a lectin (such as 

cotieariavalit^ A ^ as 1 Limulus, peanut, mung bean, 

Phaseolus, wheat germ, etc.) which is specific for a particular carbohydrate. In another 
embodiment* ; -"th6*' ; anchdr :: cah :,t be'-'ari -cfrgamc ; mdlfeciile, "such as a modified or derivatized 
plastic poiyrkef Which can serve, e.g.; as the stage foV specific solid phase chemical synthesis 
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of an oligonucleptide / :J^ f ^g.c^i3 ft the derivatized plastic can be distributed as an array of 
discrete, derivatized, ,- loci . ?yh: ; Gl> are formed integrally into the plastic surface of a 
combination during --fi^jqtjm^^turing process. Ixi another embodiment, the, anchor can take 
■ advantage of specific or preferential binding betweeri.metaHons, e.g.y Ni, Zn, Ca, Mg, etc. 
5 and particular proteins or chelating agents. For example, the anchor can be polyhistidine, 

and the anchoivspecific portion of the : linker can be rickeU whiqh is attached via a nickel 
chelating agent to a target-specific probe ^Uernatively, the chelating agent can be the 
anchor and the polyhistidine the probe-relr.ted portion.. ^Jtematively, the anchor can be an 
: inorg^c substance. For, ex ^ as calcium or magnesium, and the 

10 anchor-specific portion of the linker can be a preferential chelating ageixt, such.as EDTA or 

■ . -EGTA, respectively,., which is attached .to a^rgetrspecifiQ/probe-, ; iQne : - of . skill- to .the art will 
. .recognize that a wide range of other type? of ^ 

.those general types also : d^cussed r m conjunction with probes and targets. ... y 
■ , ,.• The number of anchors m a test region can be at least two, r>refsrably between about 

15 8 and about 900 (more or less being included), more and about 

- 300, and most preferably between about 30 and about 4 00 (e^^akout 64). In some 
; , preferred embodiments, there are about 16,/ 36, 45 .or.:l00 ^nchors^es^r^.on for a surface 
; : with 96 test regions {e,g. , wells), prj about 9, 16 or 25 anchors/test region for a surface with 
.,. 3,84 test regions {e.g. , wells). In a jmost preferred embcdinjent, each sufichor ir v a test region 
20 has a different specificity from every other anchor i^-fhe array. Hpsysyer, two or more of 

s, 

. the anchors, can f share the same specificity and ail of the anchors can be identical. In one 
r embodiment, in. which a cpmbinati^ l^ge number of test 

regions ; (^.g,, ; about 864, 1536, pr f .morj?)^sg., -$&t jailaifge nupi]t?sr r Q^te§t samples can be 
processed at one time, it might of invest tprtegt ;*hpsa ^s^ptes: for p#ly a limited number 
25 . : (e.g: 9 about 2, 4, 6 or 9) of parameter In o.ther.wp^ds, for[;corpbin^tip5i5 comprising a very 

large number of regions, ^might/be ady^Ugepiis tp ; l^ye only about 24o 9 anchors per 

• . . .. region, = ,v ..-n-j? ;v.nr l > : v/ 

. ;^he physical spacing 4 and relatiye on^ntation of the anc^p^ s in, or, on a test region are 
not limiting. Typically, the distance between the anchqrs is abput 0.003 to about 5 mm or 
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less, pr^fe^ab^bet>veen about 0.03 and about L. Larger ? gnd smaller anchor spacings (and 
areas) f ^ included, ^he anchors can be ganged in r apy : prientation relative to one another 
and tp Jfhe.bpundaries of the regipp.. ; For. example, thoy<c#n be arranged in a two-dimensional 
orientation, such as a square, .rectangular, hexagpn^Kor other array, or a circular array with 
anchors, emanatii^g from tbe.center: in, radial lines or concentric rings. The anchors can also 
be : ^nranged. in a oneHdi^ensm^ oligonucleotides can be 

hybridized to. ^speQific : p9?i(:iQns ^long a£)NA or RNA sequence to form a supramolecular 
array, . ^lterpatiye^y, the^phc^Si Can be laid: dpyn in a "bar-code'Mike formation; (See Fig. 
6). F : (^^^ple,rancbprs ; c^ belaid do^ spacing 
between o^top^w^.thfof pan:be varijed in a regular way to yield :a simple, 

recogni^ablei,p.aJtpm much like ^b^Tcqde K eg., the;jEirst and third lines can be twice as large 
as ihp. f£$? Unes.can be,pmit|ed, ^tc. : ^Rfexjtm T ^npty, line, can.be placed after the last line to 
demarpatp pnQ r tesr^ can bo, repeated in succeeding test 

,-■ — — — — -• — — - — - ■ ' ■ " 1 ■ 

T^g^pajtejrn ^f.mQhpjSjdo^s.nci need to-be m' strict^egistry with the positions of the 
separated aspay^ells (test regions) or separ^t? assay droplets. The term "assay positions" 
will be i^ed c t9 : i;ejfor tp the positions pf the assay surf ice- where ass&y samples are applied. 
(These, c^rb^dgfined by jthepo^ition of sep^te>droplets of ^assay sample or by the position 

* * 

of yvtflf or separators defining in4iyi4ual^a§say wells on a, multiset! plate for example.) 
The ^hpr c p^tterp j^}f^gi t ^c^V'f^^Vr^S. pattern; of oligonucleotide -anchors) is used 
to define, jwl^r? ex^ictly K ^ach separate mphpr is positioned by pattern recognition - just as 
each , line of ^b,arcode isj;ecpgp i i^e4 fey its ppsition relative to ;the remaining lines. Hence 
the v firsf,^hor m$d npt : be at p^gdgs or tQne corner of each, ass ay position; The first 
• anchor _ m]l cJ^-fo^^^yr^^W. <f esegnitfoa,: i rather /than ■ position \ relative to the assay 
position. ^Jfi^^i^ :^ ?^^ 6 ^ ^y ©2£h#$say position (theiarea of the droplet or the area 
of th^.wpl^fpr, example) as large .^ough ftp.be certain; to contain at least one whole unit of 
the repeating pattern of anchors, then each assay point will test the sample for that assay 
position for #lbpf ,the gargets spepif|ed : by $h,fe (bar-coded) pattern wherever the pattern lies 
within t^e area v pf ti\e : a$say; ppsition. , :nf i>r ! ■ 
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The anchors do^fidt'nfecd to be arranged in a strict or even fixed pattern within 
each test region/For example, £aeh anchor can be attached to a particle, bead; or the like, 
which assumes a f andfcrri position within atest region. The ideation of each anchor can be 

* * 

determined by the use, ! e.g. '/'of a 'detectable tag. For example, the linker molecule specific 
5 for each type of anchor can be labeled with a { different fluorescent, luminescent etc. tag, 

and the position of $ particle comprising a particular linker/anchor pair can be identified 
by the nature' of the signal emaiiating from the linker, e.g. ; the excitation or emission 
spectrum: 1 One skilled in the art can prepard d- set 6f linkers with a variety of siich 
attached tags; each with a distinguishable spectrum! ^Itenlatively; die aiicHors can be 
10 labeled directly: ; Ror example, e^ch type "of 

• fluoresces with a 'different spectriim ?£toift''the* tags on 'dthertyjies of ahfchbr^: : 
Alternatively; the particles,- beads or the like cafi be different from one aiiothfer in size or 
shape. Any of the labeling and detection methods described herein can be ertiployed. For 
example, fluorescence can be measured by a CCD-based imaging system/b'y a scanning 
15 . * fluorescence microscope or Fluorescence Activated Cell Sorter (PACSJ^ 

: ; v ■:?. : An anchor can interact- or become associated - specifically Witfi one portion - the 
n anchor-specific portion - of a linker ; molecule. By'titie terms "iritbfabi^^r "associate", it is 
meaht herein that two substances or compounds {&g:] anchor and anchdfr-specific portion 

» 

of a linker, a probe and its target, or a target and'a target^specific repbrtferj'kre bound (e.g., 
20 attached, bouhd, hybridized, joined* annealed, covalently linked, or bthei^ise iassociated) 

to one another sufficiently that the^iritended a£say dan be cradu^ed. -By the terms "specific" 
or "specifically", it is meant herein that two fcbitipbhents' '(eJgi, : afrclk>Yand anchor-specific 
region of a> linker, a probe and its target, : or a target °a^d ; ^ target^S^ific reporter) bind 
■; selectively to each other &nd< in the absence^ generally to 

25 other components unintended for binding to t^^^ -The parameters 

required to achieve specific interact;c51s oariS be ^ ! detenniiied > ; ibutiiieiy," : e.g., using 
conventional methods in the art, ^ Jo > o rt?:r;-s»? :.:C^:<^:u. ■ 

i For nucleic acids, for exartipli; one of skill in the an? cM :: de£ennin'e experimentally 
the features (such as length, base composition, iarid degree of ooMpiementarity) that will 
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enable a nucleic ; aQid (e.g.. an oligonucleotide am&<Jar>_to hybridize to another nucleic acid 
-<e,g.r,fre.anchor-§pecific portion of a linker) imder^qndrtiotos of selected stringency, while 
minimizing nonr specific hybridization to . other; substances or molecules (e.g., other 
Qligppucleptidejinkers); Typically, ;the DNA or other nucleic acid sequence of an anchor, 
a p.Qrtipn of a linker, pv, a, detector -oligonucleotide will have sufficient complementarity to 
its binding partner to- enable* iTW bybricUze under selected stringent hybridization conditions, 
and; the T m will be, abofut; tO? to .*2flft-iQj above-room temperature (e.g., about 37° C). In 
general • an oligonucleotide aachoncan range front, about 8 to about 50 nucleotides in length, 
preferably.abdut 15, 20i:25^r 30:nuclec*idfe&_' As used herein,. «3iigh stringent hybridization 
conditipnsv means any ^cpnditionsin A#hich hybridization .will occur when there is at least 
9 5 %,f preferably /about .97-tQi (identity) between the 

nuclQi^stcicter-.vflQwever, depending on flhedesired purpose, hybridization conditions can be 
selected which require less coraplehiehtarity; e^l r about 90%; 85%, 15°Aq. 50%, etc; Among 
tH^I^OTcikatilon reaction parameters/which can;be,vari6d are.salt concentration, buffer, pH, 
temp erattire^ time of incubation; amount and tjfp'e o f denaturanfr such : as formamide, etc . 
(see, eigi, Sambrook et aL (1989). Molecular Cloning: A Laboratory Manual (2A\e&.) Vols. 
1-3, Cold/rSpring ^Harbor / Press/ ^NewiiYiorkv. Hames et aL ;(1985)v : Nucleic Acid 
Hybridisation, IL Press; / Davis et ah (1986), Basic Methods in Molecular Biology, Elsevir 
Sciences Publishing, Inc., New York). For example, nucleic , acid (e.g., linker 
oligonucleotides) can be *added ta a ; test region (e.g./ a. well of a multiwell plate - in a 
preferfedrembodiirieaiL, a 96 or.384 or greater ->vetl piate), in auvbhime ranging from about 
0.1 to about 100 or ritore^l (in; aiprdfeiTed embodiment, about lr'to.iabout 50 jil, most 
preferably aboto.40 (xl);'jat:a concentration ranging from abbut: 0.01 to about 5 jiM (in a 
preferred.embbdin^t, abcrufcQ;l ^M)>iin a? buffer such as, for example, 6X SSPE-T (0.9 M 
NaC^^amlNtfiNfaejRC^^ 6 mMiEBTA and 0.05% Tritofr X-l 00), and hybridized to a binding 
partner (c.^.,i an oligonucleotide/ anchor outhe surface) for b&ween about 10 minutes and 
about at IeastiSJidurs (in a preferred embodiment*^ least about 15 minutes) at a temperature 
ranging frombaboUt:4?;;GrItGr aboufcj'37° C. 5 (in a preferred embodiment, at about room 
temperature).; Gonditiomkcan be chosen to allow high throughput. In one embodiment of 
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the invention, the reaction oMciitions can approximate phy siclbgicaL conditions; - : 

The design of oilier. iypes of substances or molecules : (e.gf., polypeptides,- lectins, 
etc.) which can, e.g., serve as. ^ichors or as portions of .linkers, arid the reaction conditions 
required to achieve specific .interact^ and 
5 conventional in the art (e.g., as described in Hierneyer etal (1994)* NiicL Acids Res. 22, 

. , 5530-5539; Fodor etal (1996). U.S. .Patent No;^ 

No; 5,143,854). Among the incubation parameters, are buffer, salt concentration, pH, 
temperature, time of incubation, presence of carrier and/or agents Or condition* to reduce 
non-specific iinteractions/etc. ; For ex-ample* to-a test region (e.gl , .a well -of a_niult;well plate - 
10 in a preferred embodiment,- a 96 or 384 or greater well plate) which contains, as anchors, 

antibodies^: can be added autoantibodies; (e.g., • iantigeris or antibbdy^specific secondary 
antibodies): in a volume, ranging from about 0. 1 to about 100 or mor^ ^l (in a preferred 
embodiment, about 1 to about 50 jtl, most preferably about 40 jxl), at a concentration ranging 


;^&x>m/abou:.:10^pM to about 10 nM (in a preferred embodiment, about! nM)i in a buffer such 
15 as* forcexsmple* 6X SSPE-T, PBS or physiological saline,; and incubated with the anchors 

onithevsurface for between, about 10 minutbs and at least about 3 : 'hoiirsrjCin a preferred 
embodiment, at least about 15 minutes), at a temperature ranging Aom ;about 4° C. to about 
L- 45° C (in a preferred embodiment, about 4° C.): Fcr peptide anchots, a length of about 5 to 
about 20 amino acids is preferred. ■■? M ^ £ • vi 

20 ; ; In some embodiments of the i nvention; each anchor in an array can interact with the 

anchor-specific portion of its corresponding linker to substantially the same degree as do the 
other anchors* in the array, under selected reaction conditions, OThis can insure that the 
. anchors specify a substantially uniform array of >iinkers: and, th^refhre^ probes. 

. v. The anchors- within a testregion c«h*>e;a "generfc'Vs^.eacK:anchor'of which can 
25 interact with one or more of a variety cf fltf ferertt! linkers; each ha^fi&ia poition specific to 

such anchor but with differing "probe! 5 portions; rthws, a single array of generic anchors can 
be used to program or define; a varied set ef probes The flexible natureiof such a generic 
assay of anchors can be; illustrated ; with refexende to Figures L and 2; ^Fig. 2 illustrates a 
surface which comprises 15 test rsgions, .each of which .contains an array of 6 different 
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ancboTs^whioh -mthis example can be oligonucl^ti^.^iFi^v 1 schematically illustrates one 
of tKese (oligonucleotide) 'anch^^^ with linker 1, which 

comprises one portion that is speoificfor anchor I'aftd a Oecond portion that is specific for 
tafgetcmRNA:!;. substituter^o a linker 2, which, like linker 1, 
5 coftiprises a portion that is specific foranchof 1# but which comprises a second portion that 

is specific :fok- target mRNA T 2?Mstej^ioftafgetiinRNA k Thus, anchor 1 can be used to 
specify (6r program, oridefine, ondetd^ibe^obes for either of- two of more different target 
mRNX?^- ; The process of; generktirig' arid attaching a high resolution pattern (array) of 
oligonucleotides^ peptides cdn b& exp§©sive; itiitife-consiiming and/b'r physically difficult. 
10 Theabihty^O usei a pre-fornred airay^f ansft&rs to program a wide variety of probe arrays 

is^one advantage- of thisdnvention/liv '::cI'*i, 4 k ; • ..-its . i , ;i 

. **a ^Although til e generic ianchors>illustrated itfFig. 2 defirte a-pattenl of oligonucleotide 
ptobeSy the identical anchor array coiild 1 als6 be tised tti progf arti an array of other probes, for 
e^amplfe Vefceptdr -proteins (sefe, e.gil Mg£ S)^ Glearly,- many permutations are possible, given 
15 the^mngeoof types of arich^ more complex layers of 

: "sandwiched? -i ot> "piggybacked - probes' sueh< as ptofeirt/tatibody combinations Thus, the 
surface of anchors per this invetitioiiy itiself,> offers novel advantages: *-. i 

»•'•' Iji Onfc embodiment of the ^invention^anchots can interact reversibly with linkers; 
thusy a generic set ftf anchors cari be fe-vfsed t<^ program a varied set of probes. For example, 
20 an blig6rkcleQ£ide artehor Gatf'be separated frofri the oligonucleotide portion of a linker by, 

for exaiftplgj a tieadrig Step that] causes: the^^oligonucleotides^ to ; dissociate; and can then 
be rebound t<y & second linker ''The Ability ^ re-use arifchot^arrays- which can be expensive, 
time-coft^iitinlg 'and/or ^hysic^iy ^difficult to make, te another advantage of the invention. 
- ^ interatt with a linkfer. For example, an 

25 anchor W^cd^^ as a 

fluofochr^^r and ban th'er^y r ^ef^6 to localize d"sf>6f Withiii a grid, e.g., for purpose of 
registration %etweeh^thef t&st^sUrfaic^ and' iM d&tebtbri Alternatively; an anchor can be 
labeled with a 'ld&0^-aifioiyit^^'deC€totabie iribleciile So as to serve te internal quantitation 
marker, elg.^f&f purposes bfcklibrationv ! ^ * ^ 
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The term "linker?^ AiSed ; herein refers to a Afunctional substance which comprises 
a first portion (or moiety or part); that is specific for a chosen (designated) anchor or subset 
of the anchors ("anchor^p^c. ; l S.c: , ') and a second portion that is a probe which is specific for 
a target of interest (* 4 targetrspecific ?T ). The. two portions of the linker can be attached via 
5 ■ ~ " covalent or noncovalent linkages, aiid.can be. attached directly or through an intermediate. 

The chemical nature- of the anchorrrpecifid portion of the linker is, of course, a 
function of the anchor or anchors with, .w-bjcjs it interacts. . For example, if the anchor is an 
oligonucleotide, the portion, of the linker: whish interacts with it can be, for example, a 
peptide which binds specifically to the oHgonuclootide, or a nucleiaacid which can hybridize 
10 efficiently and specifically to it under. selected stringent hybridization conditions. The 

nucleic acid can be, e.g., an oligonucleotide, DNA S >RNA, PNA, PGR product; . or substituted 
■, or -modiJfied^UipleiCjaex^i) {e.g. L comprising ncnrr^turally-occuiring .nucleotides such as, e.g. , 
- inosineijoi^edMayarious known linkages such as sulfamate, sulfamide, phosphorothionate, 
methylphosphpn^ semisynthetic molecule such a?, a DNA-streptavidin 

15 cqnjugate, etc.). Single strand moieties are preferred. > The portion of : a, linker which is 

; specific, for- an oligonucleotide anchor can .range from about 8 to about -5.G nucleotides in 
length, preferably about 15,<20, 25 or;30; nucleotides. If the anchoz; is. an antibody, the 
portion of the linker which interacts with it can bel e.g., an; anti-antibody, an antigen, or a 
smaller fragment of one of those molecules, which cananteract specifically with the anchor. 
20 Substances oi> molecules which interact Specifically with the other types of anchors described 

above; and whi ch : can serve, as the anchor-specific;, portion of a linker, are. well kno wn in the 
. art and can be designe&usm^ : , 

The chemipal nature, of the target-speeifiQ; portion pi", thej;Hrilsei:;is, J of course, a 
function of the target for which it is a probe and wit h .which it interacts.:; For example, if the 
25 ..target is a particular- :niRNA,;'.the . : target^eci5c-ip;ortion. of : -.theclinker .-can bft e.g., an 

oligonucleotide which binds specifically to the target but not to , interfering RN As or DNAs, 
under selected hybridization conditions. One of skill in;the : ;^^i tf ^iig-aEt-iecognized 
methods, determine experimentally the fe^ 

optimally to the target, with minimal hybridization; to nop--sppcific,anterfering DNA or 
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RNA '(e.g., ! see abov6). In general, the length of an oligonucleotide probe used to distinguish 
a target rhRNA present in a background of a large excess of untargeted RNAs can range 
froni-abdiit 8 to about 50 niiclebtides ili length/iireferafe 18, 20, 22 or 25 nucleotides. 

An 1 bligonucleotide prt>tie foriise in a biochemical assay in which there is not a large 
backgr6und of competihg tiifgets fcaii fee shorten Using art-recbgnized procedures (e.g., the 
computer program BLAST), the sequences of oligonucleotide probes can be selected such 
that they mutu^ly iiiif e arid ar6 dissimilar from potentially interfering sequences in 
kfio^n genetics databiatse^! The section of hybridization conditions that will allow specific 
: h^bndiiitioh 6f an 'blijgonucleot'^ can be determined routinely, using art- 

' f 1 ,. 4 ■ - . • » • - * , " - V 

'-rebbgAized : ptocedi!i]^ : C^gf;^^b above). Fdr example, target RNA [e.g., total RNA or 
mRl^IA extracted friSth tissues' or optionally treated with an agent of 

interest) lii a&y Si^ of a muiti^ (e.g., 96 or 384 or 

morb Wells)] 1 tan "be ad#e'd to a test region containing a oligonucleotide probe array (see 

. r — j ',V , , ^ j . : ... ' , ' i ; 

above) in a buffer such as 6X SSPE-T or others, optionally containing an agent to reduce 
non-specific binding t e -g\ about (J.5 mgfthl degraded liefrihg or salmon sperm DNA, or 
yeast RNA), and incubated at an empirically determined temperature for a period ranging 
from tfetWfefeti About 10 miriiites and at least 18 hours (in a preferred embodiment, about 3 
hours); The stringency of the hybridization can be the same as, of less than, the stringency 
employed icf associate the anchors with the anchor-specific portion of the linkers. The 
desigirand use of 6theit types of probes are also routine in the art, e.g. ', as discussed above, 
u - Tfie' ^chor-spbciiic and c th"6 "target : specific portions df a linker can be joined 
(attached, ftiflcbd) by ] any of a variety of covaleiit or nbn-covalent linkages, the nature of 
which is 1tiot J essential to ihe invrnfibiiT'lne'two portions can be joined directly or through 
atr intermediate nioiectilgl * l In 'one ' emfco&imehtl" in ' which both portions of the linker are 
oligOnUcleotid'esV-th^y tan be ^jdihed by covalent linkages such as phosphodiester bonds to 
form a &rfgl<^ J brflire in which the anchor-specific 

portion 'is*'8n'"dlfSon^le6tiad and the target-specific portion is a receptor, for example a 
receptor protein,' the two portions can be jomea via the interaction of biotin and streptavidin 
molecules^ an example o l f which is illustrated in fig! 3. Many variations of such linkages 
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are known (e.g., see Niemeyer et al (1994). ..NAR 22, 5530-5539). .Alternatively, the two 
portions can be joined directly, e.g., an oligonucleotide can be amidsted and then linked 
directly (e.g., crosslinked) to a peptide, .or protein .via an amide bond, or. joined to a 
membrane component via an amide bond or a. lipid attachment. Methods to form such 
5 covalent or noncovalent bonds are conventional and are readily optimized by one of skill in 

the art. 

After two substances aye associated by incubation of two nucleic acids, two 
proteins, a protein plus a nucleic acid, or others) to form a complex .(^uch as, e.g., an 
* anchor/linker complex), the resulting complex can be optionally treated (e. g\. . washed) to 
10 remove unbound substances (e.g., linkers), using conditions, which, are determined 

empirically to leave specific interactions intact, but to remove non-soecificallY bound 
material. For example, reaction mixtures can be washed between about one w$ ten times 
or more under the same or somewhat more stringent conditions than those used to achieve 


the complex (e.g., anchor/linker complex).- 

15 . ? om ^^ on ? °f s invention can . be ip^ufactoriei . routinely , using 

conventional technology. 

» ».. \ .-*.*. , ■> . - ■ - - - -■» • ■ „..»... • - ■ .■ > ■ . • 

Some of the surfaces which.can be used in the invention are readily available from 
commercial suppliers. In a preferred embodiment, the surface is a 96-. , 384- or 1 536-well 
microliter plate such as modified plates sold by Coming Costar. Alternatively^ a surface 

20 comprising wells which, in turn, comprise indentations .or "dimples" .can. .be formed by 

micromachining a substance such as v aluipinum , pr ?teel to_prepa^e a mold, then 
microinjecting plastic or a similar material into the mold to form a structure such as that 
illustrated in Fig. 4. Alternatively, a structure such as that shpwn ip.pig. : 4, qomprised of 
glass , plasjic, ceramic, or the like, can be assembled, from thiee pieces such as those 

25 illustrated in Fig. 5 : a first section, called a well separator ^Fig ..^.a), w^ich will form the 

separations between the sample wells; a second section, called a subdivider (Fig. 5b), which 
will form the subdivisions, or dimples, within each test well; and a third section, called a 
base (Fig. 5c), which will form the. base of the plate and the lower surface of the test wells. 
The separator can be, for example, a piece of material, e.g., silicone,. with holes spaced 

, ; - • ; • , . . . ' ; * * - <- ■ - * • * • - \ .1 • * » 
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.thraugbQut > .,SQ*thate^l).ho^^iU fo^n.the^wallsi^tft;:|^^w ^ e^■when the three pieces are 
joined. The subdivider can be, for example, a th^piepe of material, e.g., silicone, shaped 
in- the. form of a. screen, or. fin& mesljworic. The ba^can be a flat piece of material, e.g., 
glass, in, for example,. the shape pf the ^ lowers portion of : a. typical microplate used for a 
biochemical assay. The top surface; of the, base can be flatj as illustrated in Fig. 5c, or can 
-.. be :fo£med with indentations .that will, align- with the. subdivider shape to provide full 
subdivisions,. or wells, wj^ Well,: The three pieces canbe joined by standard 

procedures* for exampjei $he procedures, use4 Aw. tJie assembly of silicon, wafers; 
•v.*. > f -Oligonucleotide or detectors can be synthesized by 

coiiventioftal techttplpgy, :e.g: 9 : with: a,pommercial oligonucleotide synthesizer and/or by 
ligating toge1lher-suhftagments : that h&ye been synthesized.- "In ojie embodiment of the 
invention, preformed nucleic acid anchors, such as oligonucleotide anchors, can be situated 
on or within ;the surface; test. region by ~3n$ of a variety of conyentional techniques, 
: mcliidiiig photolithographic or; silk^ disposition by ink jet 

■J technology,' rcja£pillary, screen or fluid channel chip, electrochemical patterning using 
electrode arrays; contacting :wit^ by baking or UV- 

irradiatin^bnto filters (se$ feig^iRava et #4(1 9:96% UiS ^Patent No. 5^545,531; Eodor et al 
(1996): U.S.; Patent No, 5,S V0>270; Zanzucohi e* a/ (1997). ,U.S. Patent No. 5,643,738; 
Brehnan (1995).; U.S. Patent. No; 5,474,796;»PGT WO 92/10092; PCT WO 90/15070). 
•Anchors can bp placed on top q£» the -surface of a test region or can be, for example in the 
case of a polyacrylamide gel pad, imbedded jwitjiin the surfape in such a manner that some 
: :of;the anchor protrUdes from the swr&fce and is available for interactions with the linker. In 
a preferred embodiment, preformed oligonucleotide anchors are deriyatized at the 5' end 
with a fre6.a^ routinely determined empirically (e.g., 

about 1 i|!tM)4n»a^birffer : such as}50:inM phosphate buffer, pH 8.5 and 1 mM EDTA; and 
distributed with a Pixus nariojet dispenser (Cartesian Technologies) in droplets of about 10.4 
nanoliters onto ispecific donations* within a test, well whose upper surface .is that of a fresh, 
dry DN A Bind ; plate {Coming iGctstar)! Depending on the relative rate of oligonucleotide 
attachiniehfcand evaporation* it. may be required to ^control the humidity in the wells during 
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preparation. In another %mbb&imerit; oligonucleotide to 

on the surface of a test region Rising conventional methods such as; e^g:, light-activated 
deprotection of growing with the use of a site 

directing 1 'mask*') or by patterned dispensing : df nanoliter droplets of deactivating compound 
5 using a nanojet dispenser. Deproteciion of all growing sequences that are to rerieive a single 

nucleotide can be done, for example* and the : imcl^btide then added across 

-Peptides, proteins, lectins, chelation embodiments - plastics and other types of anchors 
or linker moieties can also be routinely generated; and Anchors can be situated on or within 
surfaces, iisiiig appropriate available technology (see, e.g. Fodor £r al ( 1 996) . U.S . Patent 
10 No. 5 ;S10;270; Pirruhge/ al (1992). UiS ^Patent No. ^ U.S. 

Patent No^ 5,643/738; Low* et £2/ (1985)1 U.S 1 Patent No; 4,562:157; Hfemeyer ^a/ (1994). 
NAR 22v 5530-5539)^ : ^ ; i :; >h A:.-..?. t w\cd' > !".->> ->j y ; - ... --v.i ,:.l- -^v, ... 
= : : j s ;in some embodiments of the invention, the dis^^ a 
'variety of screening procedures and/or to obtain information about the; level, activity or 
15 iv ^thicture of the probes; or target-molecules. Subh assays are termed MultiAxray Elate Screen 

0 L r (MAPS) methods- of assays, and the surfaces comprising arrays of anchors or anchors plus 
- ^ probes which are used for the assays are termed MAPS arrays or MAPS plates. 
• • - - : 'The components of -»a reactic'n-^nlxture, • assay, 'of .screening' £r6cedure can be 
assembled in any order. )For example, iKd anchors, linkers and gargets can be> assembled 
20 sequentially; or targets and lhikers;iii the presence or absence of reporters* can be assembled 

in solution and theh^dntacted'^fe^e^kri^tiors. -"-m" - ; w 

One embodiment of the invention relates to a method of detectidg- at least one target, 
comprising r ■ . •«<-• h^fn^'iiM^ .>rr Jc.:.c2 hmrJr. : 

a) - contacting' 1 a sample; which may 
25 linker which has a first portion ihatis specific' for ah/olig6iiu61eotid6/anchor and a second 

portion that Comprises a probe which is specific^ fdi: said target^); under conditions effective 
- to obtain a first hybridization ^product between "said ^target(s) ai!.d ssaid linker, 
■V'- bf contacting ^-saM^first- 'hybridization - 'product l with;:i a- combination under 
conditions effective to obtain a second hybridization product between : ;said first hybridization 
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product and s^d : combin^ion a wherein said combination, eornprises, before the addition of 

1) :, ; ra surface comprising multiplehspatially discrete regions, at least two 
of winch; are sub 

5 ; . . s . 2): ... s at least 8 .different oligonucleotide anchors, ; , 

■ q) j; ./>. ; contacting, said . first, hybridization product or said second hybridization 

product with a labeled detector probe, and 

j i , : ;.;d); i detecting; sai4> detection probe; :•.']..:• . : .,-v...-- . 

. ?; !; ; of ,&e. Assays op .procedures described below can be performed in a high 

10 thiiqughp^A maj^erv in whic 1036, 

1 536,;2025 .or i^ore, depending on themumber of regions: in the combination) are assayed 
on each plate Qr : surface tapidly and ccmcurrently: Further, many plates or surfaces can be 
processed ^t A one <tiifte.jlior- example, m methods bf^drug discovery, a la^ge number of 
; . . samples, qadi comprising a. drug candidate; {e.g. ,. a member of a combinatorial chemistry 
15 library* such as variants of small molecules^ peptides, oligonucleotides^ or other substances), 

can be added tp-sq^arate regions ipf a combination as described! or can be iadded to biological 
or bioehemicab samples^that are ihen added to separate regions of a combination, and 
incubated with probe arrays located in the regions; arid assays can be performed on each of 
the Samples., 1 With-, the. regents advent and; continuing development of high-density 
20 . ■ micrpplateg^DNA spotting tools and otmcthods such as laser technology to generate and 

collect data: Jtom even denser microplates, robotics,. improved dispensers, sophisticated 
detection- systems dnd d&torjnanagement software; the methods .of this invention can be used 
to screea or an^yze (thousands oijtensrof thousands or more of compounds per day. 

. \: 5 E^c%a^ple^in;embodiments in which the probes are oligonucleotides, the assay can 
25 be a diagnostic nucleic acid; or £cdynuclebtide screen (e^g:, a binding or other assay) of a 

large numbeaLi of ; samples for the . presenrie of genetic variations or defects (e.g., 
polymorphisms or specific* mutajtionS associated with diseases such as cystic fibrosis. See, 
e.g., Iitia;e/; fl2 <1992:). Molecular and Cellular Probes & 505-512) ); pathogenic organisms 
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(such as bacteria, vimses^ aridpiUDtozoa, whose hosts are animals; including humans, or 
plants), or mRNA transcription patterns which are diagnostic of particular physiological 
states or diseases. Nucleic ac:d vrobe arrays comprising portions of ESTs (including full- 
length copies) can be used *o evaluate transcription patterns produced by cells from which 
5 the ESTs were derived (or others). Nucleic acid piobes can also detect peptides, proteins, 

or protein domains which bind specifically Jo particular nucleic - acid sequences (and vice- 
versa). < - ' .:• ■ -■ 

In another embodiment, the combinations of the Invention can be used to monitor 
biochemical reactions such as, e.g., interactions of proteins, nucleic acids, small molecules, 
10 or the like - for example the efficiency or specificity of interactions between antigens and 

antibodies; or of receptors (such as poified rec eptors or receptors bound to cell membranes) 
and theii Ugands, agcnists or antago nists; or of enzymes (sixh as proteases or kinases) and 
: their substrates, or increase? of decreases in die amount of substrate converted to a product; 
as we.]] as m*py others.; Such-biochemical assays can be used to characterise properties of 
15 ; .-: the pr^be cr target, or as the basis of a screening assay. For example, loccreen samples for 

.th s presence of particular proteases (e.g., proteasfes involved in blood clotting such as 
• proteases Xa and VH?0> the sampks caii bb assayed are 
:fluorogenic substrates specific for each prote&se : of interiest. If target proteiase binds to and 
cleaves a substrate, the substrate, will flnciesce^ usually as a result, kg.g of cleavage and 
20 separation between two energy transfer paiii, and tJie signal ca*i be detected. In another 

example, to screen samples for the pLesseriee of 's'particuisi * kinas^sy {^.; Src, tyrosine 
kinase, or ZAP70), samples containing one, or more kiri&ses of interest can be assayed on 
combinations :.n which the probes are peptides winch can be selectively phosphorylated by 
one of the kinases of interest: h TJsing art>recognized, routiiiely. determinable conditions, 
25 samples can be incubated with the axray^of substrates^ iiiran/appR^yd^ie buffer and with the 

necessary co factors, for an empiric^^ (In some assays, e.g., for 

biochemical studies of factors that regulate this activity of; kinases of interest, the 
concentration of each kinase! can be .adjustediso that each substrates phosphorylated at a 
similar rate.) ; After treating (e.g., washing).. each reaction ;inder ^empirically determined 
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conditions td reiricve ; kinases' ahd : undesired T^acliBft components (optionally), the 
ph^sphoiylated substrates cari be detected by/for ex^plB; -incubating them with detectable 
"reagents ■■: such as, e.g.] flubresceinMabeled ahfi^Holpbbt'yr^ or anti-phosphoserine 
antibodies (e,£~;at a cbhceritiStion r 6f iabout 10 nMj or more or less), and the signal can be 

5 detested^ In another ^x^ple^ biAdih^ assays cari beperformed. For example, SH2 domains 

saett^a^ GRB2 • SH2 -dr a ZAP?0 ,J SK2 ! Canute assayed on probe arrays of appropriate 
; ■ pKO^hoiy l&tM' 1 £feptidfes£ -"br* blodd 'sera carl ; be ' screened oh probe' arrays of particular 
rece^brs-fof th^pre^se'ride of imm&i& defitierifcies^ -Xl&o^ enzytae-l'inked 'assays can be 
perf6i^d$tt--such^an ^ay forffiatr Gditibmatidris ofthe mVeiitidh can^alsb be used to detect 

10 mat^tfe^yMes,- which 1 are eithef -mbi-e orless abtive than their wild type counterparts, or 

itftser<3efrfof*V^ 

: : ^^iXM^tiu&t, Is/tAPS Assays teliSed'fcfq^ amount 
of active tafrgfet ; lii a : saihple; pfrovid&I thi? probe is riot fully occupied! that isi' not more than 
about 90% of available probe sit^afej-BouhB (or rented or hybrictized) with target. Under 

15 these c6hlfiti6hSi target can- be quanti^t^ because having more target 'will result in having 

more p^bb'e 1 bTotiild. On the other hr^S; under conditions where mote than' about 90% of 
avaiiable^p^obfe siteg are bound, ha\>Mg more^arget preSferif wbuld not substantially increase 
the amount bf target bduhd' td probe? 1 " Arty L bf tfie heretofore-mentioned types of targets can 
be qUaritftated in •tK^^^^^fit , ; :i • ? F6r , exfebdfrteV "Example 6 describes tfie quantitation of 

20 oligonucleotide that eveit if a target is present in large 

: excess 1 : ^ fekturates the airidifht of available 

probe in T£ MAPS probe' array), by aMidgf 1&6wri amounts of unlabeled' tlafget to' the binding 
mixture^brie > c^&i 5 "shift the"s6hsitivi^°of%e Reaction in order to altoW even such large 
amoiififs 6? ^rgerto be ^^tiMetf?*^ s vh ^ • - r> " { ' 

25 1 i^ : ^^ffier embod of the inventioii can be Used to screen for 

agents Vhfcft ii&dtikte the interaction ! of a tSFget and a giveri probe. An agent can modulate 
the target^prbbc interaction by interacting directly 1 of mdirectly with either the probe, the 
target; or a^ don^lex fofTried by tHe target plus the probe! The modulation can take a variety 
of forms, iricliid5njg,'btit hot limited to, ari : increase or decrease in the binding affinity of the 
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target for the probe, an increase, or decrease in the rate,at which the target and the probe bind, 
a competitive or nQn-cpi^petitive. Inhibition of the binding of the probe to. the target, or an 
increase or decrease in ; th.^aQtiyjty : of the prober or, the target which can,- in seme eases, lead 
to an increase or decrease in the probe/target •interaction. Such agents can fee man-made or 
5 naturally-occurring substances, Alsc>, suph agents can be employed in their unaltered state 

or as aggregates with other species; and th^y can be; attached, covalently or.noncovalently, 
" to a binding member, either, directly .of via .a specific binding substance.: For example, to 
identify potential "blood, thinners/; .or ^gepts, which interact with one of the; cascade of 
. proteases which cause blood clotting, cocktails of the proteases of interest can be tested with 
10 a plurality of candidate, agents and then tested for activity as described: abo#e. Other 

examples of agents which qan be employe*! by this invention are very diverse, =and include 
... . pesticides and herbjei^es. Examples 16 and 17 describe high, throughput assays for agents 
which selectively inhibit specific, j<inases> or for splective t Jiihlbitors :o£ ithe interaction 
', between SH2 domains^dphpsphorylated peptides. j r < : *J> 
15 . . In another embodiment, the combinations of the invention .can be used to screen for 

agents wWch modulate a pattern of gene express 

for example, to identify niKNA species whose pattern pf expression fk>m r a set of genes is 
correlated, \vitb a partipujl^physiplogica.1 state or developnientalrStag^.or with a disease 
condition ("correlative" genes, RNAs, or. expression patterns):. By the^terms "correlate" or 

20 "cpri:elatiye,7 ,it; is., meant th?t , t^e . synthesis, .pattern :pf . t RNA j^s 0 asspciated with the 

physiological condition of a pell, but ^ not, necessarily thatthe exprossion of a given RNA is 
responsible for or is causative of a particular physiological .• stated >Fcr , example, a small 
subset pf mRNAs can be identified which ar^ expressed, up-reguMed snd/or down-regulated 
in cells which serve as a model for a particular disease state^this altered pattern of 

25 , expression as compared - to that in .a normal cell, which «4^s.)^t ^bibit a pathological 

phenotype, can serve, as a indicator of the disease state t (Vindilcato^ -genes, RNAs, or 
. expression patterns). The terms: "correlative" .and Vindicator", caii be used interchangeably. 
For example, cells treated with.a tumor proiriot^r suph ;r a,s phprboi myristate might exhibit 
a.patteiji pf gene expression which mimics that spen;in r ^e f early,s^§es of t growth. In 
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another model forxancer? mouse insulinoma cells: (fe^ c^lt line TGP6 1 ), when infected with 
adenovirus, exhibit an increase in the expression of, e.g., c-Jun and MIP-2, while the 
expr<es$i4m of housekeeping genes -such as 'and L32 remains substantially 

unaffected. < ^vscs* 

5 .n .^i Agents^ which* ^ directly or 

indirectly, -and either iwvivo:m in^vitm %e.g., in tissue culture)* modulate the indicator 
expression pattena»rmi^t:^ "drugs for organisms {e.g., human or 

other animal paft^ Agents can also modulate 

exprfcssion'p^tterns-by contacting the nucteteiacid ^ directly," e.gr; in ^ vitro (test tube) 

1 0 expression system. As usedhereihj * •modulate** niieaiis to cause to increase or decrease the 

ambunt aaid/or .aativity of a molecule di^the tikfe which is involve in a measurable reaction. 
/The xtOTubinations lof the iniventi for such agents. fbr example, a 

series x>f cells iesg. , from a disdase model)' can- be contacted with a seiies of agents {e.g. , for 
a penochol time ranging from about 10 minutes to about 48 hours or more) and, using 

15 routine; jat^recognized methods {e.g. ,* comitiercially available kits), total RNA or mRNA 

j extractsicaii be made. If it is desired t& aMplify^the amount of RNA; standard procedures 
such as Rf>:EGR amplification can bd used (seel &.g., Innis et a/^ds., (1996) P'CR Protocols: 
- :A Guide. J&'M&thbds ih Amplification^ Academic -Press, New York). The extracts (or 
amplified products tern them) cart be stowed to coritect (e.£. f incubate with) a plurality of 

20 sub slantially .identical arraysiwhich; ooni|iri^ pt obes for appropriate indicator RNAs, and 

-those agentSiwhichlare associated witb^:change in the indicator (expression pattern can be 
identified. aExam^le 15 describes a? high throughput assay to screferrfor ddmpounds which 
may altec thftfexprfessidn^of geaae^ that ate COfTelative with a disease state. - 

25 with pajlicnalar.phy^logioal states ord^Velopinental stageis. Such agents can be man-made 

or naturally4o<^r^ factors such ; as substances 

involved in emtoyonic dbvelopkhefrf or ifi regulatiifg physiological reactions^ or substances 
important i& r agribusine£S such^s pesticides or herbicides. Also- Such agents can be 
employed- ifii their Unaltefed^statc or as aggregates with other species; and they can be 
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attached, covalently or ii^acov^^ntly, to ^binding member, either directly or MzL'z specific 
binding substance. ^ - ?io :-c : • 

Another embodimje,: it of- the invention is akit useful for the detection of aUeast one 
target in a sample, which comprises: . : Vi ~. . 

-5 a) a surface, comprising mvUtipie spatially.discrete regions, at least two of 

which are substantially identical, eaph region comprising at least eight different anchors 
(oligonucleotide, or one. of thievp^^tjT^vd^scf ib.ed herein),'and -.• . :* -> . 

b) j ^container •cQ^pri^iii-g. at Issst one* bifunctionallinker-mol^cuie, -which has 
a first portion specific >for ; at a second portion that comprises 

10 a probe which is ; specific, for at; least: ons:cf said target(s); . : . - *: - 

• ; ; . :: In. r pne^feodiment 5 tiieire/i^proYicledra.surface-^ in a) above arid a set "cf instructions 
for .attaching tpyjat least-one of said; -smipJioxS:^ bifunctional linker molecule, .which has a first 
: portion specific for at least one of said anphOr{s) and a second portion that comprises a probe 
which is specific fqr at least on^ targ£t-<: The: instructions can include, for' example (but are 
15 ... ■.• not;limited to)* .-a description 'of eajctavptthe-anphors onithasurface^ar^indication of how 

many anchors there are and where-on ther surface they are located, and a protocol for 
sppeifically attaching (associating, l?indiag* -etci) .ifaerlinfeers to tfhe. ancJwirs. For example, if 
, ? ,- 5 i the anchors are oligonucleotides, theinstmetionsjcan include the sequence of each anchor, 
- : , from which a practitioner can , design pomplem entary ;anchor-specific/ moieties o f linkers to 
20 t interact specifically with (e.g., hybrijd^e,to) : the aixchors; if ;the .irichors- rare peptides, the 

instructions can ponyey information 
., with the peptides. The instructions car: also' include a protocol for a5;sociating the anchors 
and linkers, e.g., conditions and reagents fpr ; hybridization (or other: type of;association) such 
as temperature and time of incubafioncGtf^ fprvfemcying unassociated 

25 molecules (e.g., washes}, and;the like. : Furthermore, theinstmcti^ 

on the construction and use of any of the types of corttrpl linkers discussed herein, and of 
methods, e.g., to quantitate, normalize, ^ "fine.rtun^^!^r: calibrate assays to be performed with 
the. combinations. The instructions can encompass any -of th^ parameters, conditions or 
embodiments disclosed in thi& application, all of: which lean be performed routinely, with 
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. .. c^v^n^Qn^.pro.c^^ej$ f by on?, pf^slfill in thp.^r|i 0 r . . ... . 

.. .. .. .. As discussed elsewhere, in this, application ajjr^ctitipner can attach to a surface of 

the iiiventipn comprising a giyejx arr<ay (or airay^^^anchors, a wide variety of types of 

. , linkers,,, thereby. . prqg^amim^ arrays. Moreover, a 

5 _„ : . r .practitioner; can remove ja giyen,set of linkers ,from.a. surface of the invention and add to it 

. , janqttiQr set of linkers (either r the .same ( or different, from the first set), allowing a.given surface 
to be^reusec^ ijiany : times, . Jhis flexibility and r r t eusability constitute further advantages of 
the, invention. , . . ■ : . , 

. v . . ,.. r In, another pmhqdimq^^^ ESTs 
1 0 (Expressed Sequence Tags). That is, MAPS assays can be used to determine which, if any, 

: of a grpup of ESJs jyere.ge^er^^ portions of the 

same gene(s>, and t which,;if any^are imiqiift. figures 18, P 19, 20 and 21 illustrate such an 
. assay >( in thjs example an^assay t to ^ d^imi^e y/hic^if s any, of 16 JBSTTs are; "linked" to a 

4. 1 . * * 

— — -icpmm<p^^enf7^^ 

15 .... of: ^tiie;ESXs to h^ mapped ^s r xepresen|^.by i at Jeast^one.. -oligonucleotide, probe that 

corresponds, to it. j A number of arrays ,Pqual to (or greater than) the number of ESTs to be 
•r.. m^pped r ar^ distributed jn sep^^te regions (e,gi f wells) of a } .surface; in the illustrated 
, example, J^q sitf^ 

of 1 6 different EST-specific pligc>nucl^ot^des ? riumUered 1 -1 6. Ar* oligonucleotide which 
20 .. "ppnresp^nds to** an pS.T (is "^^^p^ificr) ji^ pne,tl*at . is. sufficiently complementary to an 
f ,t EST ; ^up^ tha^-trnder s^lect^.^tringejit hybridization conditiops, fc the oligonucleotide will 
. ? hyb^dizeiSpeqifically to, tUat ^SX^but not Jp other, unrelated ESTs. t An EST-corresponding 
. oligp^^jlf^t^^tP:^ ^yR^; R^^PA (under v opttimal conditions) to the coding 
or ^ rvpn^dkig sjrai^jjpf £ : £l>N A ri ^yjatjiesized from the gene from which the EST was 
25 original; g^^te^.or.t^) .gn : n^E^^§y^fee?^ized t; frpin the gene; from which the EST was 

origin^;ly^gp^9p^ted, : ^ ^aqtpkr^ jto , be considered in designing oligonucleotides, and 
hybridi^tipn r £^^ hybridization, are 

: ; discussed pjlsewhpre i^th^ appljqsLtion. In ordqr;to fi asseniblethe arrays, linker molecules are 
prq^ared^eacjirpfr^y Wch^ (jpmpris^s a moiety specific for one pf the anchors of a generic array 
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plus a moiety comprising an oligonucleotide probe that corresponds to one of the ESTs to 
be mapped; and the linkeirskrd attached to anchors as described elsewhere in this application. 
In a subsequent step, ari aliquot of a sample comprising a mixture of nucleic acids (e.g., 
mRNA or single stranded or denatured cDIn A), which may contain sequences that are 

» ■ 

5 complementary to one or more of the oligonucleotide probes, is added to each of the regions 

(wells) which comprises a probe array; the mixture is then incubated under routinely 
determined optimal conditions, thereby permitting nucleic acid to bind to cdmpiementary 
probes. If several of the EST-specific probes are complementary to different portions of a 
single nucleic acid, that nucleic acid will bind io each of trie loci in the airay at which one 
10 of those probes is located, ; v . . , ■ 

In a subsequent step, a different det^^ example, 
detectors #1 to 16) is added to each region (well) (see Fig;. 19). A detedior oligonucleotide 
is designed for each of the ESTs to be riiapped. ; Each EST-specific detector corresponds to 
a different (ac least partially nbn-ovbi lapping) portion of the EST than does the probe 
15 oligonucleotide, so that the probe anil the detector oligonucteotideis do not interfere with one 

another. Consider, for example, the ESTs depicted in Figure 2 1 ^wliich don espbnd to ESTs 
1,2 and 6 of Figur es 1 8-20. Figure 2 1 indicates that ESTs- #1 and #2^ were- both obtained 
from gerie X (they are 'linked''), whereat EST #6 : was : '6btjamed frorii a diifeitai£ unrelated 
gene. If aliquots of a sample' coiitaihirig a rriixtur^ of mRNAs, including one generated from 
20 gene X, are mcubated with the probe arrays' Ssliovvn in Figures 1 3-2G, the gene X mRNA will, 

under optimal conditions, hybridize at the loci with probes 1 and % Suc^not at those with 
• probe 6^ (Of course, each niRNA must be aaded in riltota^r -exces^'ov^tKe stain of the probes 
to which it can hybridize.) If detectbr-SKgohncleotide 1 is added ic' region (well) 1 , it will 
hybridize to the gene X mRNA wMctfisWiirid-'it-Bci l and v 2 of s&i ^obfe krray, but not at 
25 * locus 6; Similarly; if detector bligonuclbcrti^^ — say, well #2 — 

5 it will also bind zX loci 1 and : 2, b\it : ndt 6: -Iham in a high 

'throughput manner which" of the' ESTsateliriiSd; 5 i:e : -c6de fci* pcrHG^df trie ; same gene, and 
which ESTs are unique^ "Forthe hypothetical^ the first 3 ESTs 

encode portions of the same gerie, the last 5 ESTs ehcodb' ^of tio^ 6f -ahbth^ gene, and the 
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remaining EST^appear'hot tb beiirilcfed. Coriditioftfe^i? hybridization, optional wash steps, 
methods of 'dfetecttoHyiarid the like' are discussed efe^vti&e lfi this Application with regard to 
othef MAPS 'assays. In order to Hbnfinti the linka^'cfet^ oVtiuied by the MAPS assay, one 
could perform PGR reactions : usta Oligonucleotide probes as sense 

5 and anti-sense primers. Evei^afr ' Of linked EST^s'shoiiid yiel'd a PCR product. Note that 

this ^ p^t^ise-^dlRlest c6ui f d bfe^^'form^d tb deterMtfe i: h using the 

Lirikkge-MAPS a&^ teactionsf ^6xif d : be ; Tequi'rfeSd, krid ekch EST primer 

would have to be : syrithesi : z6d as^Bbth^SehSfe aftd anti-Sense strands. For thd illustrated 
exa^i^g^^ 

1 0 -*"<' °1H o^ afcpebt; 'tfte ; ihveriti6fi Mateis' t£ ^method bf d6tefrninin& which of a plurality 

of ESTs are complementary to a giV^n'riucleic acid, comprising, " [ j 

!.;■;: or^yix\ s i Ihdilbaf ing" M Way of'olig^uefetide probes, at least one of 

which fcoirb^onds to ejaeh^f^aid ESlTs^illl^ test stoipfe^wliich mky contain said given 

nucleic* £6id, to 1 obtain a'hyktMs&tibfL prbduHt febl^eSri 6&id dli^bnuclebtidfe probes and said 
nucleic ibld; ! ! ? L^^* -jro/a; j .r- i :o:. .ra . b^.: I<W"V-. 

•to inctifcatitig said Kybridizatioh product ^Vitli a dbtebtor oligonucleotide, which 

corresponds to an EST to wltich 6rik of saift oligonucleotide pfobes correspionds, but which 
is specific : fbi ' k different ^offldii' of thd'^f : tfiajfiPis^ saiti olrgbniicleotide probe, and 

q. c y. detecting Which' oligonucleotide probes ; bf sliiitf array are labeled by said 
detector bh^nuc'l&tide, ' m = r> ' * U: ; j ' h ' : '" ;v >' J / - ::! '' ' : - ''. ; 

1 -•-•'•%ii^gi •&ftd ) wrily ,; oFoligbnucieotide 1 Robes' is irtirribWliied bri a region of a 
combination Wheyetn s&ia cirhbinktfon cdypnSes : h::Jii ' " " :i 

1) a surface comprising a number of spatially discrete, substantially identical, 
regions 'equal & {he'numfeel B^feSTI^It'S Wstti^ed, each'region comprising 

2) 0i a^num%ef of diHeretix aicMors'equal'tb meiiu^ to be studied, each 
anchot 1 &' aysocia^on ^th r o,!0 '' a " * 

3) a bifunctioneil linker which has a first portion that i^ specific for the anchor, and 
a secbnH'^ottibri -thit : <^iApns^ J ih" olijg6hudeotfde { £ p>rc>b8 which corresponds to at least one 
of said ESTs:' " ' '- s « ^ •••• • •• •'••*•• • • J - 
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In another aspects the invention relates to a method as above, wherein one or more 
of said ESTs may be complementary to said nucleic acid, and wherein each of said ESTs 
comprises two different ^^oUgonucleotide sequences, the first of which Refines an 
oligonucleotide probe . corresponding to said ESTv and the second o f which defines a detector 
5 oligonucleotide corresponding to said ES?T, comprising^ 

a) . . contacting a sample which comprises molecules of said nucleic acid with at 

least one region of a cpmbination, wherein smd region comprises an array of oligonucleotide 
: probes, at least one of which corresponds^o each of said ESTs, . ... x: 

b) incubating said sample, with ^d regipri,; thereby permitting molecules of said 
10 . nucleic acid to bind to said, EST-cqxresponding. oligonucleotide probes which are 

complementary to portions of said nucleic #cid, , ....... r ; 

. q) r . . . incubating said regipn comprising molecules ; of said nucleic acid bound to 
one pr mpre of s;aid : EST-corresponding oligonucleotide probes with a detector 
oligonucleotide which corresponds to, an EST to which a given one of the oligonucleotide 
1 5 probes of said array corresponds, thereby binding detector oligonucleotides to nucleic acid 

molecules which have bound tp : said given oligonucleotide probe or to other oligonucleotide 

probes which are complementary to said,nucleic acid, , . . ■ - , , , . . , , . ^ . , 

d) detecting tfre presence 
which EST-Qorresponding oligonucleotide probes ; of s^ are complementary to 

20 portions of a nucleic acid which binds to said given oligonucleotide ^ESTrporresponding 

probe, thereby identifying which ESTs are complementary to said giveri nucleic acid wherein 
said array of oligonucleotide probes is immobilized on a region of a cpipbination, wherein 
said combination comprises . w ~ 

,1) a surface cpmpriaing. a 
25 identical regions equal tp the.n 

2) a number of different anchorsjecual to the.number of ESTs to be 

studied^ each anchor in association v/ith , - . 

. 3) .... , a bifiinctional linker. wh?ph has. a first portion -that is specific forthe 
anchor, and a second portion that comprises an oligonucleotide probe which 


: i . . ■ ~ J .... i . . ■ r . J t. ' ! 
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corresponds to at least One of said ESTsv - ' ' - 

.■ .-.-r The components of an* EST mapping asfca^eaft be assembled in any order. For 
example, : the anchors; linkers and ESTs can be assBtkbKd sequentially; or linkers and ESTs, 

in the presence or absencfe of reporteSrs, 6an be assembled in solution and then added to the 

5 anchors:- 1 . ! - : " ' : v v.^: :\ .-. . ■•■ . ;• /. » :• - 

- "*a -Irt' another aspect^th^ invfefttiott Telates^to a method of -determining which of a 
plurality of ESTs are complementary tci a ! 'given nucleic acid, comprising, 

/.r-r. a) i. incubating^ Collection bf^^ 
of which comprises S^fitst pottibri Which is a probe that corres£6hds to at least one of said 
1 0 ESTs;: and a- second pohibi* Which is specific* for an anchor bligbnucleotide, with a test 

sample whidh may contain Said giWn-nucleife acid, to obtain a first hybridizatibn product 
* betweenr-said olijgoriuctebtide probfes arid sMd nucleic acid; • "■ * ■ ' • 

:-b) ' : incubating s&id first i ; h^bndization product with an iitimobilized array of 
anchor oligonucleotides, wherein each anchor ^oligoMcleotide correspbtids- to the anchor- 
15 specific portion of at least ohe^f gaid linker molecules; to form a second hybridization 

prttfuctfc^prising said anchors, said oHgbnuclebtiae probes and said nucleic icid, and 

- c)^ ? - ' ; -incubating* &'thea*' : said 'fiifct or { s'aitf sedond hybridizatibii product with a 
detectbr oli^bnucleof ide, whibh corresponds to ah^EST to which bne of said oligonucleotide 
probes edtittfKHfds, bM thiols is specific f6r a different portioh of the EST than is said 
20 oligonucleotide probe, and : ' -- >; ' . ; 

- i --^'ijjnj b ; '"detecting - which ' oBgbhtfbleb'tide 5 prdbe'g of £aid : 5 array 'are labeled by said 
• detectbr Oligonucleotide, ;^r:t;:;<v^/i<; -Vy-i.. *\v t [ , V.y- * wi*. .«o 

- ; &whdrein^said aMy -of ShbKbr ^ oligonucleotide is immobilized bn a region of a 
eombm&%Mi~^ 1 • - 

25 I> J ^ -stirfabb coriipHsM^ number of spdtrally discrete; substantially identical, 

regions eqii&'tbftHem cbmpiisihg 

-2) a fiiteibet of Yfiffef&tt -'^hdi^^iM-td v iHe number of ESTs to be studied. 
J ■ ' - Of-cSiifee, tfte^ above methbd^ Tor riiappirig ESTs : can be used to map test sequences 
(e.g. , pblynuclfeotides) oiitd ariy'iiucleic acid of interest. For example, oile can determine if 
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two or more cloned DNA fragments or cDNAs map, : to the. same genomic DNA. Such a 
procedure could aid, for exaixip 1 ,^ in the structural, elucidation of long-, complex genes. In 
a similar manner, one .determine if one or. more spliced out sequences or coding 
sequences map to the same genomic- DNA., : Su<A a detenrunation could be used, for 
5 example, in a diagnostic test to distinguish between a normal and a disease . condi tion which 

are characterized by differential splicing ^2tteos; ;Many other applications of the mapping 
method will be evident to. one of skill in the art. J 

In another aspect, the invention relM*^ method of detemiming which of a 
plurality of polynucleotides are complement^ 
10 . wherein.pne or more of said^olj^ueleptides may bexojnplemelit:ary.tci said nucleic 

; acid, and wherein each of said polynucleotides comprises two different oligonucleotide 
sequences, the first of which defines ^ to said 

. ; polynucleotide, and the second of v/hich defines a detector oligonucleotide corresponding 


to said, polynucleotide, comprising . • • . a : : ^ m : 

15 &) contacting a sample wh^ 

least one region of a combination, wherein said: region comprises an array of oligonucleotide 
pr-obes, at least one of which corresponds tp each of said polynucleotides, 

b) v incubating said sample 

, nucleic acid to bind to said polynuclex>t^ oligonucleotide probes which are 

20 complementary to portions of said nucleic acid, ; r; : = ; : v , 

c) - ■ ■ incubating s aid region compri sing molecules of said nucleic acid bound to 
one or more of said polynucleotide-corresponding oligonucleotide pi;pbes with a detector 

^oligonucleotide which corresponds to a. poiynupleotide to,. ^vgi ven one of the 
oligonucleotide probes of said array cpir^pon^^h^ 
25 to nucleic acid molecules >yhich have tpuwi to given pli gpntPigleotidp probe or to other 

oligonucleotide probes which ^e comply 

d) . detecting, the prpsence of s^ 

which pplynucl ex)tide-con^espond ; ing oUgpinupleotide probes-pf sa& £$ray are compl ementary 
to portions of a nucleic acid which binds to t ^id ,giver^ oligpnucleptide, polynucleotide- 


BNSDOCID: <WO 9932663A2 I > 


34 


c^espohding^prbbe, thereby identifying which 5 polynucleotides are complementary to said 
'given nucleic- add,- '" ' y -' ' ..vioiis;;^ ; - : 

! * 0 p ^ on a region of a 

cdttibination, therein said cbmbiMtidh : compn!s6S'' ; Js,/ "'" " r " 
5 1) a surface comprising a number of spatially discrete, substantially identical, 

regidhS equkl' to tHef ntiftiber of pol^ucleotides to be studied, each region comprising 

to be 

' studied,°eateh anchor in lassocIStion With . - 5 ^ ?-•••> - 

' ■ ■ % -2} -a biftindtioftal liriker ^hicfc- has a first £brtibn that is specific for the anchor, and 
10 a'secdhd^ortibri that bdmprtSe^ jaii 6lfg6^rtiicleotide probe "'Which corresponds to at least one 

-i. ;-ujrii Mother ks^birt bf "the 'Mvahtibri; ' the dbove iri^hodis to riiap ESTs or other 
pdlyhticleotides ftirther cbfnpnsfc removing unbound portions of the sample between one or 
— moreWthfe steps. Jj 1 ,; :T T rr7T: ^ • ^ '•■ ^ :". } ~ c: - : ' " 

15 ; lC/ : In dh6thtbr enibd-diriient of the ihventioiC one or more RNA targets bf interest (e.g. , 

mRNA, or other types of RNA) are converted inttf cDNAs by reverse transcriptase, and these 
* - cDNAs are then hybridized to a prbbe aitay. 'This type of assay is illustrated schematically 
in Figure 1 Sv [ RN A ^tra^ts (of purified MRNA) are prepared from cells or tissues as 
described herein/- ReVer^U athscnptase aiid oligonucleotide primers which are specific for 

20 the RNAs of interest are theii added to the RNA Safrtple, and, ; using art-recognized conditions 

and prbfcfedtiresi which ? 6air ; be\tcmtihely * deterMhed* and ; b^tiMi^d, mfe "first strands of 

■ * *■ ' • ■ .. . 

■ ; cDKAs "aire^^ generated: v The ''tetth "specific" primer refers to one that is sufficiently 

• • TOmpleMey^aay tfo ^mJ^^cff iHtferesft^'b'&id to it under selected stringent hybridization 

conditrb'ite iatad be recdgiiized by rfeVtei'se transcriptase, but which does iiot bind to undesired 

25 nucleic ScM f^e abbvefbr a cfisbtissibn ; 8f appropriate reaction cbnditioite to achieve specific 

' 'hybridization)'.' LV ReisM"ual • Riti A*-- ffiftN/Ss 1 which were n6t recognized by the specific 

primers; arid^ aki RNA ektract, such as tRNA or 

rRNA ciaii "b^ rertioVed'by idny df^a variety of rib6nucle£ises or by chemical procedures, 

sucli as^eatrrieiit with aifcalii'Ifek^ the single strand cDNA, which is subsequently 
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placed in contact vyim..$J$^S probe array. Theuse of reverse transcriptase in this method 
minimizes the need for extensive handling of RNA, which can be sensitive to degradation 
by nucleases and ^ mus. diffjcult, to work, with. . Furthermore, the. additional specificity 
engendered by the specific reyerse transcriptase primers imparts an added layer of specificity 
to the assay. 

Optionally, the cDNAs described above can t be. amplified before, hybridization to the 
probes array to increase the signal strength.- The oligonucleotide, reverse transcriptase primers 
described above can comprise, at their. 5V ends, ^sequences , (which- can bq T about 22-27 
nucleotides long) that specify initiation^ sites for an RNA polymerase (e.^.. T7, T3 or SP2 
polymerase, or tjie like). In the example : shown m Figure 8, a^prpmo^ sequence has 
been added to the reverse transcriptase primer. The polymerase recognition* site becomes 
incorporated mto the cDNA and can then, serve as a recognition site? for multiple rounds of 
transcription : t>y the appropriate RNA polymerase (Jn vitro transcription, or IVT). 
^ptionallyrthe-n^RNA^-so-generare^ can be amplified further, u^ing: PGR and appropriate 


15 , , primers, or the cE>NA, itself, can bp :: m apiplpfijed. . Procedures, for transcription and PCR are 

. routine and well-known in the art. 

: The above-described method, Jin Ayhicb mRNA. targets are .conyerted to cDNA with 
_ reverse transcriptase before assaying on ; MAPS plates, can be v used instead ofthe standard 
MAPS assay procedure for any of the RNA-based assavs, described above. 
20 . In.anothpr. embodiment of the'ir.vpntion, one pr ra.orei. nucleic, apidftargets of interest . 

are hybridize*! to specific po lyn^clepti de protection fragments, arid subj ected to a nuclease 
prptectioii procedure, and those protection fragments which have hybridized to the target(s) 
pfinter^ 

fragment is DNA,/a Nuclease Protection/ MAPS Assay (NP ArMA PSLY epn reduce the need 
for extensive handHng of ^ cpntaminating 
nucleases ?tnd thus difficult to work. with. In such an JvlP A- M^PJS #g??*y, the probes in the 
probe array are oligonucleotides pf the saxnp strandedness : as ,the, nupieic: acid targets of 
interest, rather than bej#g cpmplpmentary, tp r fhem ? as in a sfcqdani MAPS assay. One 
example of an NP A-MAPS assay is schematically represented ii} Figure 9. 
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. h r , > In an NPA-MAP S. assay, the target of interest :can. be any nucleic acid, e g., genomic 
Dl^A, cDNA, viral DNA or RNA, rRNA, tRN A; ra&NA, oligonucleotides, nucleic acid 
rfragmjents,, modified nucleic acids ^ synthetic 'nucleic: acids, . or the like. In a preferred 
. embodiment of the iny^n^onv t^e prpcedure is used .to assay for one or more mRNA targets 
: which are present in a tissue or pelluj^r RNA.extracL A sample which contains the target(s) 
of interest .is first hybridized under selected, stringent conditions (see above for a discussion 
f pf^pprppriate re^ctio^cqndH to one or more specific 

protection, fragments). .; A protect e.g., RNA, 

. DNA (including , a |PCR ; prp(lu9t)irKNA qe modified or substituted nucleic acid, that is 
.specific for a, portion of a nucleic a^d^arget. of mterest. By "specific" protection fragment, 
. ^s^iiw^ its intended binding 

partner to bind to it under selected stringent conditions, but which will not bind to other, 
: unintended nucleic acids , A protection fragment can be at least 10 nucleotides in length, 
prefej-a]bly^ ias Jong as a full length cDNAT~~In a preferred - 

embodiment, the protection fragments are single stranded DN A oligonucleotides. Protection 
, .fragments ,sp^Qific t for , as many as. ; jl 00" targets or more can be included in a single 
hybridisation re^ctiop^ After hybridization^ the sample is treated with a cocktail of one or 
.. , mqrpjnuci^s^ nucleic acid except for the protection 

fragme^(s) ; which jhaye hybridized -to the nucleic acid(s) of interest and (optionally) the 
portipn(s) of nudeic acid target whieh have hybridized and »been protected from nuclease 
digestion^uring the nuclease protection procedure: (are in a duplexed hybrid). For example, 
if the sample comprises a cellular. §xtr!act, unwanted nucleic acids, such as genomic DNA, 
>rs , t^Ahri^ substantially destroyed in this 

step. -Aftl^ can be used, including, e.g.; pancreatic RNAse, mung 

bean n^}g^e,< §^ Exonuclease III, or the like, 

dependingf^n^e^pature of the hybridized complexes and of the undesirable nucleic acids 
present jin t]tif jg^ple.^JJ^^fe.'H- cafe be particularly useful fon digesting residual RNA 
bound to; a^NA prjat^Jspnirfragment. -Reaction conditions for these enzymes are well- 
known in-fbj^pit and cajijbe, optimised empirically. Also^ chemical procedures can be used, 
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e.g., alkali hydrolysis. of RNA. As required, the samples can be treated further by well- 
known procedures in the iirt to retriove unhybridized material and/or to inactivate or remove 
residual enzymes (e.g.,. phenol extraction, precipitation, colunih filtration, etc.). The process 
of hybridization, followed by nuclease digestion and (optionally) chemical degradation, is 
5 called a nuclease protection procedure; a Variety of nuclease protection procedures have been 

: described (see, e.g., Lee et al (1 987). teeth. EhzymbL 152; 633-648. Ziiin it al (1983). Cell 
34, 865-879,}. Samples treated by nuclease protection, followed by an (optional) procedure 
• . to inactivate nucleases* are pte^ 

of a MAPS assay, are carried out: Bcund protection fragments can oe detected by 
10 hybridization; to, labeled targetrspecific reporters, as described herein for standard MAPS 

assays, or the protection fragments, theiiiselves, can be labeled, eova^ 
With >a detectable .molecule, ii.^t. \i^r> ! > t *•■=:■■:, • .-r,r> ^ wr;r.- 

in ra jirefened. embodiment, the protection fragment is directly l&elfed;e.g\, rather 
. . ^than being labeled by hybridization to a 
15 r; is-Obomd e.g., a 

. streptavidin; enzyme complex is addfed to a biotiiiylated protection ^ligSndcieotide. In 
. another; example, the protection fragment is modified chemically ; direct coupling 

,n of horseradish peroxidase (HRP) or of a fluorescent dye) and ChiS^c^cMtiibdification is 
r detected, either with the nucleic acid pbrtidn of the protection ri agitient br ! without it, (e.g. , 
20 ^er cleavage of the modification by, foV Main In 

: any of the above methods', a protection' fragment can be labeled trefof £ or after it has 
; hybridized to a corresponding linker molecule* - y — ,r ■ - s 'Ofni»? ^u; 

- r : : In prder to control that thenucle^e^tbtefetioh i.e. 
that non-hybridized nucleic acids have been digested as desired, bM & n^cfesign'one or more 
25 protection 7 fragments fb ^contain overhanging (ribn-hybridizih^g) 'segnibiits that should be 

, cleaved by the nucleases if the procedure wbrics properly: Th6 presence br absence of the 
overhanging fragments :cah be deteimihed^byihybridizatiori with a fcbiriplettientary, labeled, 
detection; probe; or the overhanging portion *>f thtf pr&t&ti on^fragirieh^ ifcelf, can be labeled, 
covaTently or non-covalently, with a;detetetatele motefcule^ This control can be performed 
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: before^the sample is placed in contact with the pit>bl^fiuEra^, f or as a part of the MAPS assay, 
itself.::^ 15. Of course, because 

different labels canbe easily distinguished (e.g.; ffti^s^ith different absorption spectra), 
several differently-labeled oligonuclebtides^an be included in a single assay. Further, the 
5 - - st^d^d nuclease; protection used during 

assay development verify* that thfe ^otedtibh' fragments are processed as expected. 

i ' amount of a target in a sample. If 

protection ^fragment is addetfc&t a fargfe enough Molar excess over the target to drive the 
hybridization raactioh ffi e^i>letl€^^^6'uflt df protection ^frajgrhenf remaining after the 
10 nuclease^^^^ wais present in the sample. One 

exarrtp^of BUch ^a quanlStMion rea'cdi&h is 'd^cribed in Examples 12 arid 13. r 

: *^'NP^ described above 

^t'^s^st^dard^lVlARS^Sayg;^ ^ v .;■ v*oj 

*. • s Ih' a-preferred embodiment, the polyhabledtide protection 'fragments are measured by 
15 i the mass spectrbmeter father than ©n-MAPS plafes?in a most preferred embodiment, none 

cif the polyhucleotides are'botind (attached) tdd solid surface durihg the 1 hybridization or 
ftuclease^dif^sti^ e.g., 
by^nucleai^bs or l by chemical treatttl^iits/leavihg thelprbtection fragment in direct proportion 
to how Muofr fragffiferit had been tfybridi^ctfto isi get; Alternatively, the sample can be treated 
20 so^as to leave formed by 

v the hybndized ; target and the pr6tfecti6n : S£fgmeftt^ to be further analyzed! The samples to be 
analyzed are&eparated from the rest 6f the hybridization and nuclease mixture (for example 
■' : by ! •' ethahbl prtfeipkatibn rI 6f adsbr^tioh : dr j 'affinity-''" chromatography, etc;), eluted or 
sohMhzed, 6n& injected? intd'ffi© ^^s^peetrdm^tter l by loop ihjedtion for high- throughput. 
25 In a preffertd^ ^rtibddifaeiiti <th& Sahlples to "be 'analyzed- (e.g.y protection fragments) are 

adsorbed 16 & ^Etffac6 arid^al^e& l by' lasfcf desbf^tidn,^ lining well-known methods in the art. 
For 'highest- fefcnsitivity ^durier Trihsfbrm ^pectrdmet^ (or other similar 

advanced t€fcMiiqftie^ may be^usedv £6 that feihtom64es of less of each protection fragment 
can be detected. r c ,r • -rw' : r ; . 
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The protection. fragin.ents that are to be detected within one. (or more) samples can 
be designed to give a ,<unique 5 jgn.al for the mass spectrometer used. In one embodiment, the 
protection fragments each, hay ib a unique molecular weight after hybridization and nuclease 
treatment, and- their; molecular ; weights ^ ionization ;and fragmentation 

5 pattern will be sufficient to measure their concentration. To gain more sensitivity or to help 

in the analysis of complex mixtures* the protection-fragments can be: modified (e.g., 
derivatized) with chemical moieties designed to give clear yniqvie signals. For example each 
. protection fragment can b$ (derivstized with a different natural pr : unnatural amino acid 
attached through ;ai amide bond to the ^ligonucleotide.strand at one or more positions along 
10 , the hybridizing portion of the 

fragmentation occurs at the amide bonds,: releasing a characteristic proportion of the amino 
. . ; . ; agids, This jcind of approach ^.v/hich^chi&mical- moieties of moderatfc"size (roughly 80 to 
2Q0 molecular weight) are used as mass spectrornetric tags is desirable, beqause molecules 
. .. ofthis size are generally easie^.toj detects .In .another ;example, - the^emjcal modification is 
15 x r, ^organic molecule with a defined mass spectrometry signal, such ^atetraalkylammonium 

. ; ; group which can, for example, derivative janpthqr molecule such^^ ^^^ran sunino acid. In 
; > ;; ^qfoer : example, positive cr negative ion signals are enhanced ^rgaqti^on with any of a 
. : : number of agents. For example, to enhance positive ion detection* one can react a pyrylium 
r r; salt (such as, e.g., 24-diflie^^ with an 

20 amine to form a/pyridhiium $a)t; -^y -o^ ;a;-J^umber : of,ether enhjfficing. agents, pan be used to 

form other positively charged functional groups (see,/ eg, Quirke ef at (1 994). Analytical 
Chemistry 66, 1 302- 1 3 1 5). Si^larl^;-C' : ne%can% react anyvaf a . number of art -recognized 
/agents to form negative ion enhancing, species. T 1 ^ e chemical modifio^ipn can be detected, 
of course, either after haying been cleaved ackt, ^r L wMe in association with 

25 ;•: , the nucleic acid. -By alipwing each protection fragment ,to;be ^ 

.planner, it is possible to, assay to .screen) foi Aarge number of different targets (e.g., 
- for 2, 6, IQv 16 or more different targets) ti e : single .assay; T Many ; such assays can be 
. performed rapidly and easily. ,S;iiphi^;assay^or;Spt qf .^says/^ie conducted, therefore, 
with high throughput as defined herein. 
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■ ;M ; Regardless of whether oligonucleotide^ de!te6ted directly by their mass or if 
unique molecular tags' are used; the signals fo^fe&fi iftbfeciile to be detected can be fully 
ch^cterized nvpiite preparation^ of known cbrtcefllrMioii/ This will allow for the signal to 
"b6 Quantified {measured, quantitated) adbtiratdly. F8r any mblebule to be detected by mass 
; : ? speetiftmetry^ the intensity aiid pr6fife fcannof be predicted with accuracy. The tendency of 
; ' thS motebule to be ibniz^d; fe^siM^ £ll chemical boiidk Withiri the molecule to 
- : &k§^hMidh' 9 the degree t6 vMiitihfeacti fragiWentHs multiply charged or singly charged, are 
ajllHtofb J x^dniplex to be ^rfedfcted. Howeve^'foi: & £iVert instmhierit^With fixed energy and 
; s^iiie hSidlm^ char'^cteri^cfe the intensify iiid-profile of the* kighkl is very reproducible. 
" Hetfc^ fcyr^ e&ch'probe tfuJ 'signal- fcaih be fch^a6terized with 1 pure standards, and the i 
exjibHfii^htal sigiials inte^keti qiianll r : 

' - •' • ° 5a f bK«'^ectMe'fiiv&iti6tfffelkt^ to a method to detect one or mbrb nucleic acids 
of interest, comprising siiD^ecring a sample bOmprising' the nucleic ; abi'd(s) of interest to 

^ f ■ •' 1 I . - . - i, ; ; E . . _ _ 1 - '— '—^ 

huCiekse protection wkh r on6 or mofe'ptitectfbn fragihehts, and detecting the hybridized 
; •du^e^ e ft t r6iecules, br the protected riddfeic acid, 4 <or the protection fragment, with mass 

1 SpeCttbffifefry I 1 \ :r a 1 - : ; ' jh;:j - " r: f " ; I-,- 

1 " : "Ktfethods <Jf analyzing ridel eic libitis by mass ' ^eckroriietiy arc VeU4mown in the art. 
' 1 Seei-e.g'.f A^per et'i^Xl^iy^f&'t79^(U^(^5 and Koster, U.S.Pat: No. 5,605,798. 

'In kaditibhto^me variety^of high mrbughput'assays described above; many others 
• Vilibe dvidferit td ohe of skfii in the" art: hiM ^ - u : ' ;! 
o ; >- i: An kdvanta : ge-\>f ^^b^ a number of 

"cbbtrbr • iSMbes ih each 'prbbe' array 5 wmW&e : ^ubj ect to the same reaction conditions as the 
actual gjqjgrirObntal prbbesV ' P6?8kampld, each region in the array can comprise positive 
and/or negative controls. The t&Sfi£ a^^bsitive '<&iitrbl probe," is used herein to mean a 
coriitol-pTbofe Mat'is ^6^ 7 ^^ or to interact with 

it in a'quali^^^ internal) standard 

forthV^ for 
example?' tfte torfn, ' )3 i! ' A ti¥gBiiW J B6riix6^pfb^ is' used' hef eiii io mean a control probe 
wtiidh i^febwn ^dt tdiiitef^ct sWbStarftially with 1 the target. Such a probe can control for 
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hybridization specificity, fef. example. As examples of the types, of controls which can be 
employed, consider an .assay, in which ^n ajravof oligonucleotide probes is.used to screen 
for agents which rnodujate the exprpssiQnqf. a set of correlative genes for a dispase. As an 
internal normalization control for. variables such as the number of cells lysed for each 
sample, the recovery of mJRNA, or the ^hybridization efficiency, a prpbe array can comprise 
probes y/hicfc arespecific.for oneor^ore basal level or constitutive house-keeping genes, 
such as structural genes (e,g, ? , acting tubulin, or , others) ;or ,DNA binding, oroteins (e.g., 
transcription regulation factors, or others), whose expression is not expected to be modulated 

..... i i ....... , ^ j 

by the agents being tested. .Furthermore^ to detennine whether the agents being ; tested result 

: - ■• - • ■ ; ^. . . .' . - 

in undesired side effects, such as ceil death or toxicity, a probe. array can comprise probes 
which are specific , for .gen^ as part <>£ the apoptosis 

(programmed ppll death) process, or which are : induced under conditions of cell trauma (e.g., 
%; heat j&pck prptpips) or. cell tpxicity.(^ : ,,p45Q genes),.^ . .. : '■-> 


Other control probes caabe included in an array to ".fine tune** the sensitivity of an 
assay. For example, consider an. r assay for an agent which .^modulates, .the. production of 
mRNAs associated with a particular disease state. If previous analyspsJhave indicated that 
one of the correlative mRNAs (say, mRNA-A) ^irr this set is produced; in such high amounts 
compared to the others that its signal swamps out the other mRNAs, the linkers can be 
adjusted to "fine tupp". thp ^ssay.so jas^p equalize the strengths o£ the signals. "Blocked 
linkers," which comprise the anchor-spgcific pligpnucleptide sequpace designated for the 
mRNA-A target, but which lack the pxpbe-specifia sequence, can be added to dilute the pool 
of target-specific linkers and thus to redw The 
appropriate ratios of blocked : ^d unbfo^ with routine, 

conventional methods by one of slaUir^ th9..art.,., rr , 

Samples to be tested in an. assa^ of the invention can comprise any of the targets 
described above, or others. . Liqiiid samples to be ^ssa^ed cari b r e of any volume appropriate 
to the size of the test region, ranging froyn about , 100 ruinpUteps tp,^ In 
a preferred embodiment, ..liquid drops of about 1 microliter, are applied to each well of a 1536 
well microliter di^h. S^nples can be placed iiy cpntact ^yith ti^Q ,proJ?e ; arrays by any of a 


9932663A2_I_> 


: . * Variety >q£ methods. suitable- for high throughput 5 analysis, e:g. y by pipetting, inkjet based 
dispensing, or by use of a.replicating pin tool. rSam^ibs W incubated under conditions (e.g., 
j / salt, [Concentration, pH, temperature* time bf^kScubatibh, etc.- see above) effective for 
. achieving binding or other stable interaction of the probe and the target. These conditions 
5 ■ are routinely determinable. After incubation] the samples can optionally be treated (e.g., 

; .washed)- to remove unbound target, using conditions whibh are determined empirically to 
. leave ispecific, interactions intact; but to ireniWe 1 ri^^ material. For 

• ;v, , .ex&hapi<e, samples can be washed between about one ; atid ten times of more under the same 
; or somewhat more stringehtxdriditio&s thairi thbse usfed to Achieve tfife ptobe/target binding. 
10 1 'i » ' Sainples containii^ 

can be prepared by any of' ^ v^ety of pfoceduires. For etampleV in viir^tell cultures from 
\i which: mRNA is to be extracted dan -belated on the regibri® 'of a kuif face, such as in 
individual wells of a microliter 'plate'; -Optionally, these cbll$; after attaining a desired cell 
/ density; can be treated with an agent of interest, such as a stimulating agent or a potential 
15 therapeutic agent,; whicfr can-be added % { £hfe 6ells by any ' of a variety of means, e.g . , with a 

- repliciting pin tool (such as the 96 or 3 ! 84 ; piii tools Available from Befckixi&n), by pipetting 
; or by ink-jet dispensingi-a^d^ineubat^ wiifli the cells for aiiy appropriate tithe period, e.g., 
^betweettrabOut 15 minuted tad about 48 hotirs, depending Upon the assay! Total RNA, 
_ rmilNAi -etc^ extr^ct^ fr i>itro or in vivo source can be prepared 

20 ,j aisdrigtfoutinei ait^ 

: - Optionally, toucld£ ; acid* whfch * might 'compete ^ interest for 

i- -hybridization to a Specific pHSbS genomic DN A, rRNA, tRNA or mRNA which shares 
at - le^ti:p^ttaal sequence 1 hbmoldgy - With the RNA of interest) can be at least partially 
remo vedi frdfri an RNA sample ^^y ■^etreating : the sample with a nuclease protection (NP) 
25 5 procedure Jbbfo*# subj ectirig ft to hyWidizatibn, A nucleic acid (a "protection fragment," 

which can b.ei e.g- ; -RMA, DNA%'r PNA), which is dorhpiementary to at least a portion of the 
RNA of interest and whose sequence ]i>artially ot TOmplbtely overlaps that of the probe which 
is specific fiir the RNA of interest, is introduced iri ; excess into tW# sianlple and incubated with 
it under • sele^ted ; strihg^nf hybridization conditions in which the protection fragment 
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• hybridizes specifically- tp i: ft^ 
reaction conditio^) . ..Af^s-.r^ protection fragments specific for any or ail of the RNAs 
of interest in the sa^p\e.5^^^ed-(e.£-. f as many as. 100; cr more). After hybridization, 
the samplers treated with a cocktail of one or more nucleases so as to destroy substantially 
5 a11 nucleic acid except for the portions of each; RNA of interest which are complementary 

to the ; protection ftagments(s), or except ^or the. duplexes formed -between the protection 
fragment(s) and the protected RNA. In a subsequent ?tep, the protection fra&rrient(s) can be 
. eliminated frprn such duplexes by denaturing the duplexes and digesting v. ilk .vn appropriate 
enzyme ^frich will degrade protection fragment^), leaving the protected SNA substantially 
10 intact . ; Any of a variety of nucleates can be used for the above-discussed digestion steps, 

including, , e.g., pancreatic RNAse, mang bean nuclease, RNAse H, S i nuclease (under 
» digestion conditions \yith either high. or lew salt), RNAse A, PJboiiucloa^ T 1 , Exonuclease 
: •. U]^ Exonwlea^e WI , RNAse -CL 3v *£N Ase- PhyMv Rnase U2, and fee :iike y depending on 


tj^e nature of the Rylmdized complexes and of the yndssirable nucleic present in the 
15 : sarnple. Reaction conditions • .for ; ./these^ enzymes : ; are : tveUrknown^i':*; ?fee. • art and can be 

optimized empirically. As required, the sample? can be .treated. ;by ; 7/eH*!daown procedures 

in the artto remove unhybridized mate^.eJ gnd^CT to : inactiyate. or cAEftye- residual enzymes 
r phenol extraction, precipitation column filtrsticn. e+c.> . The .treated samples are then 

placed in,cont^ct wi^ &e pr;obe gngyn- In ; prder. .to control that specific hybridization and 
20 subsequent nuclease protection has occurred prepay, one can include labeled protection 

fragments, in the reacti on mixture. In oi*#r to control ^at the: nuclease protection procedure 

has worked properly, i.e. that non-hybridized nucleic. &dds has ^bee^digsstsd as desired, one 
■ .. can design one ,or more, protection ,fragm epte : t#j contain -ovedhgpgip^ (non-hybridizing) 

s;e^pnts that should be cleayed^^ The presence 

25 , or absence of the overhanging with a 

complementary, labeled probe, or the overhanging portion ^ of ithe -protection fragment, itself, 

caaa be labeled. with ja.dete^tab^eym^l^id^^^.-.-r:, . ^c, = - ' j>.v-;;-x'"Vf- 

r For^any of the i^ethods J? of this invention^ .targets be:^bded (tagged) by any of 

a variety of propedures which are wellTkno^vn Tin the art $nd/or ^vhich are described 
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elsewhere ^emri:(^.g:^for lto6 detection of nuclease ^bt^cfion fragments). For example, the 

target molebulfes' can be coupled directly or indir&ftly with chemical groups that provide a 

sigrial for detection; such as chemilumiinescent-mofeciilesV or enzymes which catalyze the 

► . ■ 

prodtfetibn of chemiliimiriseceht 'thorTCUles; : 6f ^ubitisc^^molecxdte like fluorescein or cy5, 

5 : or a time' resolved fluorescent molecule like one of -the 1 chelated lanthahide metals, or a 

radidactive : c6hipbtu1d. Alternatively the targets can be labeled after they have reacted with 

the probe by one or more target j s£eeific : reporters (e.g., antibodies, oligonucleotides as 

shown in Fig; ; 1 , or any of geflef kl : types M molecules discussed above in conjunction 

with probes' and ^ t^etS)/ : A ^ariety^df mof^ cbftiplex shrtdwich-type detection procedures 

10 ; caii alsd bfe employed; 1 For- ekaniple', artSrget caribe hybridized tb ; a bifimctional molecule 

containing a first moiety whichT is 's^ebifid -for the target and a second moiety which can be 

recbgilizSd Sy • a-^mittw {/. ; e;^ the^s^ey^eporter teagetit; e<g:i a labeled polynucleotide, 

antibody* : dt the like.' The bifimctional molecules tan be designed sb tiiat'any desired number 

of 'eoiffitiiSn 5 reporters can be ii£ed in &ach issay : n ' ri '- v " /: • i su-.c: .-■?*:? 

15 ' ; Methods by whi^ 

>r bbnditibnV^ffebtive 1 Tot r achiiwihg i? -biii<iihg br other stable interaction aire routinely 

detenriinablfe (see : above) JU^Ftor 1 ' toainple, fluorescent oligonucleotide reporters (at a 

cdncehiratibri of fcffdvd l : 0 ! r*M td'ib6iit : 4 jaRf of more, preferably about 30 nM, in a buffer 

such c As v 6X SSPE-T br b f thers) c& bfeihciibatdd witii the bound targets for between about 15 

20 rMhutes 1 " to l 2 : hours -or mbtfe (preferably about : 30 : to 4 60' minutes), at a temperature between 

about ¥5-^0; ^ the 

sampled cafi^jrtiotiafHy be ffekted i (e.^iv^^TteciJ' tb'remd^e : unbbiiiid.target-specific reporters, 

using ODiMiM^ intact, but 

to rembv&rlbh 1 -^ washed between 

25 about brie aiiil teii- flirifes^f more under the Carrie or sombwhat mbrfc stringent conditions than 

those usetflib actife^ 

; T/a^gifij^ witK ; S J target^'sjSebific Tepatte^s^' ciari provide an additional layer of 
specificity' tb' the r finti^^ the -case in which a target-specific 

oligbnuclSotidb repbrter is tkrgBted to a different ^p the sequence of a target nucleic 
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acid than is the probe cligonndectide, or in ...which probe and reporter antibodies recognize 
different epitopes.-of a target: ^vtigen. Furthermor e 5 . tagging with, target-specific reporters can 
allow for "tuning" fee sensmvity of the reaction. For example, if a target ip^vNA which is 
part of a correlative, expression pattern is expressed at very low levels, the level o^ signal can 

5 be enhanced (signal amplification) by hybridizing the bound target to several (e.g., about two 

to about five or more) target-specific oligonucleotide reporters, each of which hybridizes 
specifically to a different portion of the, target mRlsJA. . j . ? ; 

The abiUty to detect two types of labels independently allows for an additional type 
;. of control in .MAPS assays. Some (e,g.„ about 10 to about 100%) of the linkers designated 
10 : for a particular anchor locus (Fig. 7 .shows 3 typical anchor loci, each comprising a plurality 

of substantially identical anchors; (A y B or G)) can have a label (e.g.; a £luor)> attached to one 
end. For example, a rhodainine.Qr.CY5 flues*: caii be. attached at the 5 • end of the linker. Such 
modified linkers are termed "control lii^ 

has been associated with anchors and ^ sample containing a target has bgen ; incubated with 
15 the resulting probe array, a target^spepific reporter bearing a different <fluor (e.g., fluorescein 

or another detection. label such as a chem|lurninescent one) can b& use&(pr the (target can be 
%. directly labeled .with a fluor or other detection label); /and the ratio of ^e*two .signals can be 
.4 . , xi ( 4etennined. . TJiepresence.of control linkers .permits, calibration of ^number.of functional 
<: - ( e Sy able; to interact with, linkers), anchprs ^within and between test regions (i.e. tests the 
20 capacity of each locus of the ^ 

as a basis for quantitation of the amount of bound target, aids in.localization of the anchor 
loci and/or provides a positive control, v in cases in which there -is no signal as a result 
of absence of target in a sample. In on<e embodiment of (the- mve^tiony jhyp .different labels 
(e.g., fluorpphores) can also be used : to detect tyyo diffejcept popu^Qn^ of target molecules; 
25 however, the ability to recognize, the presence ^ 

allows the use of a single type of label for diff?r§nt target molecules. : . v 

In another embodiment qf the inypntipn^ "?jiehors'' .which^re specific for a target(s) 
Qf interest are not associated with linkers, but.rather are associated 4irectly : with the target(s); 
the. target(s), in turn, can interact optionally avv^ 
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... : i r>niTargets y : whether labeled -ior;unlab&l6d;^cfa&i^"d6tected by any of a variety of 
, procedures*, which are routine' and conventional in' thwart c(see,-e.g:, Fodor et al (1996). U.S. 
. Pat; NowS,5 lft270r Pirrung et al (1992). U-S/PafclSfeft 5,143,854; Koster (1997). U.S.Pat. 
rNiQ.-5,6Q5,798; .Hollis-era/ (1997) U t S'.>Pat;No.:5v653 ; 939; Heller (1996). U.S.Pat. No. 
5 ^..5*565,3221 cEggers et, id !(t9©7). vU.S;Pak No. 5,670,322; Lipshutz et al (1995). 

BioZediniquest 1 9, '442-447;. Sodrtheift ^V996) .-Trends in 'Genetics'- 12, 110^11 5). Detection 
methods include enzyme-based detectibti/:calorimetric methods/' SPA* autoradiography, 
mass spectrometry, electrical methods, detection of absorbance or luminescence (including 
chemiluminescejioe^^^^ detection of light scatter from, e.g., 

10 microscopic particles used ^tagi;- 1 Also* tflubrescent labels oan be detected, e.g., by imaging 

wither charge-coupled -device^GCEtyior fl^ (e.g., scanning or confocal 

fluorescence: microscopy), 5dfc»by«tec^ array or 

photomul^iplier tube; or by using array^based teiohfrofogy for detection (e.g. , surface potential 
of eactoi^SniCTon par^^ or^iirfaceplasmbn resonance can be 

15 used if resolution can be made high enough.) Alternatively; an array can contain a label 

(e.^.^nejofia.pair ofenergy transfer probes, such as fluorescein and rtibdamine) which can 
be.detected by :energy. transfer to (or tncidtilatidn by) the label on a linker,' target or reporter. 
Among .the:) host of fluorescence-based 1 detection systems are fluorescence intensity, 
fluorescence 4>61arization«tPP)i time-resolved fluorescence, fluorescence resonance energy 
20 ! transfeanand homogeneous! time-released fludrescfenbepHTRF). Analysis of repeating bar- 

code-like patterns can be Accomplished by pattemrreedgriition (finding the' appropriate spot 
or line forceach^ specific labeled 4argfet fby its •positioh^relative to the other spots or lines) 
followed by quantificati^bf the ir*t£nfcity of^the labels. Bar-code recognition devices and 
computes sfcftu^ OFtwo dimensional arrays are routinely generated 

25 and/oric^tm^romlly Available {^i^sefc Ravi etkl (1996). UvS. Patent No. 5,545,531). 

Methods of making and using the -arrays ;6f this^ invention, including preparing 
surfaces bfc regions suclt as those ^■d^scrib^hereirij synthesizing or purifying and attaching 
or assembling substances^fcuchias those of the anchors, linkers, probes and detector probes 
describ'eidihe^einy^nd detecting and analyzing- labeled or tagged substances as described 
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herein, are well knQxvm-andt conventional technology. In addition to methods disclosed in 
the references cited aboye^q,; e.g., patents assigned.to Affymax, Affymetrix, Nanogen, 
Protogene, Spectragen, Mttlipore and* Beckman (from whom products- useful for the 
invention are. available);-, standard -textbooks of molecular, biology and protein science, 
5 including those cited above; and Gozette et al (1991); U.S. Pat. 5,063,081; Southern (1996),- 

Current Opinion in Biotechnology .2, ; SS>33; Ghee ei.ai (1996). Science 274, 610-614; and 
Fodor et al (1993). Nature 364^ 55 5 -,556. .■: * .:; 

• Brief Desc ription of t he Drawin gs : : ; 

.. , Figr.l illustrates a design scheme for oligonucleotides, m wliiqh a linker 1 contains 
10 a portion that is specific for anchor : 1; aMi another portion (? probe) that is specific for target 

, mRNA 1 , and in which a labeled detection /probe I is specific for a sequence of target 
... mRNA 4 which is different from the sequence of the target-specific portion of the linker. 
~J. ■:. I ~. : FigT2"illustrates a suitace which comprises . I S test regions,; eacn of which comprises 
■ an array of six anchor oligonucleotides, v, : . j-c:: \- 

15 Fig-; 3 illustrates the design of a linker for ^ receptor.bindirig assay, in which the 

> ; . anchor-specific portion of the linker is. associated- with the probel portion (the receptor 
• protein) via biotiri and streptayidin molecules, and in which a ligand specific for the receptor 
.....is- labeled. .with -a fluo^centvlab^l^moleoukh^ Biptin^ '.SA::Strsptavidiiiv^Rec: Receptor 
; . protein., Ligand: )a(natural or synthf^ic ligaiid Jherec^ labeling 
20 : molecule attached toithe Ligand. r y c. r^or.* .^o = ; - «;(••-. 

, ~ ;Figi 4 : illiistrates. a surface .which; c^mpn^sr^J test regions/each of which is further 
- subdivided into 1 6 subregions (indentations^ ditriples), \ rj r u p y d i ' 

, Figs. 5a, 5b and 5c illustrate forec nieces from which ; a, surf acej^uch as that shown 
in Fig. 4 -:Qzn be assembled. ^ Fig.> 5.^ a 
25 subjdiyider; and Fig. 5c represents a !base,;: ; f v ;-> ^r:l;A v> ^ ^ij.;; 

Fig.. 6 represents two test re^^ 
_ (or anchor^ which 

: -. Fig. 7 schematically represents. a test region, comprising: 3b anchors (A, B and C), each 
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bf which is present in ; multipl6 copies (a "group*^ 'The location of each group of anchors 

is termed 4 "toctas" - - - ' - 

0 ) , ^ig. 8" illustrates an assiay by specific reverse 

transcriptase are assayed ''btf'MAPS"ptaf^; :: ' ; 


Fig. 9 illustrates ari assfiy which u&es" a nuclease protection procedure (NPA-MAPS 
assay). Sample RNA is prepared from cells or from tissue and is represented as thin wavy 
Unes^'To ifife~'"ftNA l Simple ii added a Ci grbup of polynucleotide' protection fragments, 
portfa[yed ; thfcki 'dark:" aifid iigM lfnfe. The ^ d^k sections of the protection fragments 
replr^ehir se^thehts' thkt af e ; ^ specific RNA targets and hybridize to those 

10 targets. The light sections represent b^femkii^ihg portions: sequences contiguous with the 

co^leinentaty seqiiericfe' rnit'not doiftpilenieritary" tb target. The protection fragments are 
addfed'iii &cdess. : Following fi^ric^^tion^f iil available target to the jpfotectioh fragments, 
ttife"' sampled' ''are v ' i t^eatibd , "*Witi^ , 'aft ' a^W^Vi.^te ' cockf Ml of nucleases and with chemical 
treitin&its thkt destroy toWari/ed riott-tiybridiz^d RNA and hoh-hybridized polynucleotide. 
15 ' Fot ex&i^ltV'iSr nuclfe^Se ^ can d6Str6y dny single stranded DInIA present. Hence, excess 

protection' ^fragment is ^yd^olyiell as is ifee bVerliffigirig^ m of bound 

protection fragmefnt. RNA' ckh: Be nydrblyzed by addition of ribonucieases including 
ribonuclease H and or by heating samples in base^ Remaining is a coiiectiori of cleaved 
protection fragments" that reflect hoW ihuch or each tM-get RNA had been present in the 
20 sariipferTl^ by a MAPS hybridization assay. 

Fig. 10 illustrates hybridization specificity in a MAPS assay i 
Fig. IT illustrates binding kinetics of an anchor to a linker. 

assay of two oligonucleotide targets. 
Fig.°I3 illustrates the quantification of a sensitivity shift. 

25 " ' Fig. i4 illustrates 1 melting : temperature ; determinations for four oligonucleotide 

linker/anchor combinations. 

' " " Fig. 16 illustrates a dilution curve with NPA-MAPS. 

1 Pigr '1 ^illustrates an assiay to detect peptides 'containing phosphotyrosine residues. 
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Fig. 18 illustrates -the first step, in , an assay, to map ESTs: assembling linkers 
corresponding to each of the ESTs to be mapped on arrays of generic anchors on a MAPS 
plate. To the surface of eacfc o£\6 wells of a mjcroplate are attached linkers comprising 16 

t 

different oligonucleotide probes, arranged in a 4x4 matrix. . The first, locus has oligo 1, which 
5 .is complementary to a portion qf the. first EST sequence, , and so on for the 16 ESTs to be 

tested. 

. cDNAs or mRNAs geper^ed from the gen^s from whicli. tjhe J3ST? were obtained are 
added to all 16 wells and allqwed ^o hybridize under apprppriate conditions. Hence, any 
cDN A or mRNA that contains one of the 16 EST sequences: will be a$SQrnbJed at the locus 
10 where its complementary probe was placed. . = ...... 

;) Fig. 1 9 illustrates a sub^equpnt . step in an .assay to map EST.5 fading detector 
.oligonucleotides to, the, MAPS plate. , Each well of the -, plate receives a detector 
oligonucleotide which corresponds; to one of the ESTs to be mapped.. ..Each detector 


oligonucleotide is an oligonucleotide coupled to a molecule used, for detection, e.g., 
15 fluorescein if fluorescence imaging is. to be,, the method of detection. Each detector 

oligonucleotide is coniplementary to one of the ESTs. but differentirp^ the.EST-specific 
probe, so that a probe and a detector oligonucleotide which are complementary to a single 
k EST can both bind at the same time. . r 

After washing, a single detector oligonucleotide is added to each well, as numbered 
20 in the figure. That is, ; the detector oligonucleotide with sequences complementary to the first 

EST is added to the first well, and so on. 

Fig. 20a. and b illustrate the results of the assay to map ESXs shown in Figs. 1 8 and 
19. After hybridization of detector pHgo^cl€^tidp^,.^d r washm with appropriate 
conditions of stringency, the 16, wells of the microplate arq ; u^^g e 4 with a CCD-based 
25 fluorescence imager, for example. Fig.. 20a shows stylized results, It is expected that each 

EST-specific detector oligonucleotide should label the mRNA or cDNA held down by the 
corresponding EST-specific probe. For example, probe 5 assembles ; the cDNA or mRNA 
containing the fifth EST sequence at that locus, so the fifth detector oligonucleotide should 
also hybridize to the cDNA or mRNA at the same locus. This ; is r the case for these stylized 
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25 


jilata, with each detection oligonucleotide labeling the matching probe. In addition, the first 
three detector oligonucleotides each label cDNA or mRNA held down by the first three 
probes, showing that these sequences lie along the sgfcnfe gehe; Similarly, the last five ESTs 
j appear to be linked. The linkage assigned from these data are presented graphically in Fig. 
20b. 

Fig. 21 illustrates the relationships of the probes, detector oligonucleotides and ESTs 
#1,2 and 6 shown in Figures 18-20. 

Fig. 22 illustrates a high throughout Assay. v ' 
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EXAMPLES ... 

...«•. • ■• - • • ■ * . • - i ... 

Example 1 Hybridization Specificity (see Figure 10) 

A generic MAPS plate was produced by using an irikjet dispjenser, the Pixus system 
(Cartesian Technologies, Inc., Irvine, CA) to form an identical grid of DNA within each 
well of a microtiter plate. All oligonucleotides were purchased from Biqspurce International 
(Camarillo, CA). For this plate, seven different oligonucleotide anchors were dispensed 
within each well in the pattern shown as/ the Key (left side of the:* figure). Each 


oligonucleotide was dispensed as ^ TO hahblifer droplet to two spots, from a 2 uM solution 
containing 500 mM sodium phosphate pH 8.5 and 1 mM EDTA to^the wells of a DNA Bind 


TiZ v.. k 


plate (Coming Costar), and allowed to dry. After attachment, wells were blocked with 50 
mM Tris pH 8, and then oligonucleotide that had not covalently attached to the surface was 
washed away with 0.1% SDS in 5x SSP;buffer.J rfio : ." ;.A:; 

z-i ,-. I - :*'"- 

- , To .the washed, plate ^luore5qe|itly labeled linker oligonucleotides were added and 
allowed to hybridize in 6x SSPE with 0.1% Triton -X- 100 at room temperature for thirty 
minutes. This is a preferred protocol for attachment of linkers. The linker oligonucleotides 
were cy5-derivatized during synthesis^j^nd.were complementary in 25 base-pair segments 
to specific anchoring oligonucleotides. The sequences of the seven anchors and linkers were 


as follows (all shown 3' to 5'): 


t s. 


■ • : 


#1 Anchor*: 

TCCACGTGAGGACCGGACGGCGTCC 


SEQID:1 
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Linkers. ■ . s f rji::;lsai r.n» ;j "- ; •. .•' .c <■.>•...,,■:•. ; . . , - ? : : ; i ; .y-.v .i.,SEQ ID:2 

GTCGTTTCCATCITTGCAGTCATAGGATACTGAGTGGACGCCGTCCGGTCCTCACGTG 

RNA mimic(mouse Q 7 j^^ . r ; ,. V SEQID:3 

ctatgaCtgcaXagct 

Detector Oligonucleotide***^ .r.-or.r . v>e .^3EQ ID:4 

tgaatgagatcgaatgttaggtcca 


#2 Anchor*: r ; ' SEQ ID:5 

cactacggctgagcacgtgcgctgc, : . / . • 

10 Linker" ' ........... SEQ ID:6 

ctaggctgaagtgtggctggagtctgcagcgcacgtgctcagccgtagtg 

RNA mimic (mouse MIP-2): SEQ ED:7 

agactccagccacacttcagcct 

15 Detector Oligonucleotide"* SEQID:8 


GTCAGTTAGCCTTGCCTTTGTTCAG r : 


#3 Anchor*; . - .. ... SEQID:9 

GtCAdTTAGCeiTGCCrnrrGTrcAG' ' * "*'" " ■ £> </. J i:' 

:: Linker** . r^Hr : , a. : ; ' , .'Mtir. r SEQ ID: 10 

20 ACCATGTAGTTGAGGTCAATGAjVG 

RNA mimic (mouse GAPDH): o m ^ ;U • : SEQ ID: 11 

CCTTCATTGACCTCAACTACATGGTGATACTGAGTGGAGAAACCTGCCAAGTATGATG 


*** 


Detector Oligonueloeotide • ; : , -; : r ;h r:? ,- ■ • - SEQ ID: 12 

25 GTCATCATACITGGCAGGTTTCTCC - ' " ■ ' 2 


■* ........ ■ . *.. - • . - ■ . -j -• ... - <, .* » . ..j . .■ » .■ v 


#4 Anchor: SEQ ED: 13 

GAACCGCTCGCGTGTTCTACAGCCA- k< r.l 'CMJ ; : v.: A ; ; ' ^ ' 

Linker** SEQID:14 

CTACCGAGCA AACTtiC AlAATGA 

30 RNA mimic (mouse L3 2 protein): : } ^ ; > : ; : r , . SEQ ID: 15 

ATTTCATTTCCAGTTTGCTCGGTAGG ATACTG AGTG AGTCACCAATCCCAACGCCAGG 

Detector Oligonueloeotide*** _ , ., ;? _ SEQID:16 


AGCCTGGCGTTuGGATTGGTGACTC 


35 #5 Anchor*: .-• ..... >; s , , „ ;u ■■ SEQID:17 

CTCGTTCCGCGTCCGTGGCTGCCAG . 
Linker** SEQ ID: 18 


CTGGCAGCCACGGACGCGGAACGAG 
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— ■ . j — -. . . , _ _. , — -. — — — — _ _ _ ^ ^ ^ 

----- 52 


#6 Anchor*: SEQID:19 
CGGTCGGCATGGTACCACAGTCCGC 
Linker" SEQID.20 

GCGGACTGTGGTACCATGCCGACCG . ^."aU S5:s ■ 


#7 Anchor*: , SEQID:21 

' '- ] GCGCGCGGCG'Tt ATGCAf CtCttCG ; ; ; ' 

.-; Linker**-- -■ . : . ... , .,, ,-, , : ; . SEQ ID:22 

CGAAGAGATGCATAACGCGGCGCCG 


» t 


i j b -f.f ■ - •, ~t* Anchors tyere synthesized with ©12 sp'acer with amide at the 5* end 
10 m "Linkers were synthesized with Cy5 attached at the 5' end 

**Detectbr Oligonucleotides Wsere sy^ 


To each well either one linker or a mixture of linkers (as indicated- in the figure) was added 

■ -.*■_*.. • _».*.•. -•: .. .» ■ ■ «..<.» .. .. - - - ■■ • 

in bulk. (To the. well marked "all" was added a mixture of all seven linkers.) Following 

* ♦ - - * 

15 incubation -and washing in 5x SSP 3 times,, the fluorescence picture shown on the right 

. portion of tlxe, figure vyas taken with a Tundra hnager (IRI, St. Catherines, Ontario). As can 
b t e, s^en,.the Jinkers self-assembled to., the surface, by specifically associating with their 

complementary anchors, , , ,...»-, - v > , r . . ... 

ifJ 'yhis^ process i? ^repeated except tha^ 


20 and linkers subsequently preferentially associated thejrgwith. The .entire process is repeated 

with 36^^64 etc. different anchors ii^ each. well, of, a 24, 96, 384, ,864 or 1536 well plate. 

Example 2 Binding Kiitptics ; (sep Figure 11) .„ . 

,The rate, of hybnoizatipn ot UyD-aenvatizQa UnKer 

attached tanohor. is shown, fpr^fferent-rconcentrations of linker. The generic MAPS plate 
25 . was preparers for : fig^re v l „ except g^chpr 1 was attached at four spots per well. Incubations 

f were.dope.at room t^peratur^in r 5x S,^P y/ith 0.1% tween-2.0, wells were \yashed 3 times 
with 5x ^d ^Q^d fl^^ A fluorescence picture of the plate was 

taken with, the Tundra, and background was subtracted ^d the integrated, intensity of each 
spot within each, well was calculated .with Tundra software. Plotted is the average and 
30 standard deviation for the integrated intensity for the four spots within each of two duplicate 
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wells. ... 

* - ■ ■ • 

Example 3 Fluorescent Linker. - 

A generic MAPS plate is produced with one anchoring oligonucleotide spotted to 
either 1 spot per well (top two rows), 4 spots per \y ell (next, four rows) or. 16 spots per well 
5 (lower two rows), according to the methods discussed above. To each well complementary, 

fluorescently labeled, linker is attached by the preferred protocol described in Example 1. 

Following washing the fluorescence pic ture of the: plate vis taken with the Tundra. The 

,«..... ■ , 

amount of fluorescence at each spot reports now rtuch fiinctional linker is available to 
hybridize to target. The amount of signal detected at repeated spots ishighly reproducible. 

10 Example 4 Binding Curves. 

To the plate prepared as described in Ekample 3, is added different Concentrations 
of a target oligonucleotide. The linker that has been associated contains ai 25-iiier sequence 
cbmplementary to a portion of the target. The target is added in 5 x SiSC with 6.05% SDS in 
a total volume of either 30 or 100 microliter^ and the plate is 66vereid aiid incubated at 50° 

15 C overnight. Following hybridization of the target to the* atoch^ y 1filiker; r the target is 

visualized by a preferred protocol using chemilutttinesce detector 
oligonucleotide, coAtiriiufij^ td a: septate portion of the 

target (not to the same p'oftioii complementary tb liiiker)is added at 30 nMl Biotinylated 
detector can be added for 30 minutes after washing away excess unattached target, or it can 

20 be added along with target for the -length of ' uie overiii^hr hy^rid&atibn. Following 

attachment of detector, the surface is washed twice 1 with 3*f i5S<3/once with lx SSP 
conta^ ug/ml 
Horse radish Peroxidase Conjugated to Stte^taviain (HRP A; &<M^&ce, Rockfbrd, 111.) 
is added for 5 hours iii SSPTP at robrri tbmpei*atiir6l W6lts ar£ ^asffed four times with 

25 SSPTP, and waished once andtiieh iricubat£d^itK : £uper After 

a few minutes, pictures of Itunihesceriee are collected with the Tundra imager, e.g., the 

» . . ... . . . 

picture caxl accumulate within the CCD array for five minutes. t5b\b levels of target can be 
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: .visualized in. some wells at a target . concentration: of <as little. as ^5xlO* n M; the amount of 
' sigriail -generally becomes saturated^ &t a targercorifceiittatidn of ~10" 10 M. The amount of 
Signal detected kt repeated spots is 'highly reprbcihcifelel 


I 


Example 5 Assay of Two 0iigbn^icfeotides (see Figuref 12) 

5 r> ' ^ the preferred 

• . ...... . p , , " -« . < v 

prbtbbbT disc^ A generic 

MAPS plate was prepared with four different anchoring oligonucleotides 1 each spotted four 
tinife y withih eacfi ' 5 wettf^or^e? ^eipcrid'^d 1 ; fourth' ahchdr, corhplementary linker 
oligoriUclebfides were sblf^scmbleS 6rtt 6 the surface as described. Two targets were added 
10 at ttife c6nc8ntrations shown in "4& micrt51itfers ; to : 6ach well as described, and incubated at 50° 

C overnight. The amount of each target attached was visualized by attaching biotinylated 
detection oligonucleotide specific for each target followed by HRP:SA and 


chemilumitte&centie imaging 2ls -descnbfedf 'In -the lower paiiel the intercity of the image is 
qiiaritified. 'Sbftwarettiat ^rpdi^bf the T^dta lmager package was used to scan the intensity 

15 

^•'coneentta^n^bf'tau^^ 1:1' pMf ttie scanned images shbw'well-defiried gaussian peaks at 
J '" ' eacH l spicyt, e: 4yib th^re'are no discemable feackgrbuhd peaks seen in the left-most sample, at 

Example 6 Sensitivity Shifting (see Figure 13) 

20 A MAPS hybridization assay can be used for measuring the concentration of a set 

of oligonucleotides, by binding them to a surface and labeling therfi. This works well for 
thbse^ttl^&ifc^ concentration. Two samples can be 

distingii^ftSdlfi siicti S dase^efc^is^if ohe g^ple contains more oligonucleotide, more will 
bind; Off ^ of targeted oligonucleotide is saturating for the 

25 surfed \i!'S'?\f if is : higti enough *6 d<56iiipy attending sites), then ifthexoriceritration goes 

up lib I^C^ catrinbt be measured. How^vet;' the binding curve of a 

tiirget cSah tie slfiflifed ^ 1 iEi^dElti^u]£fibeled 'competing 
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15 


20 


Binding data ■at'si obtained for four different • oligonucleotide targets; all of which 
saturate the surface {Ley. reach, maximal binding) at.roughly 3 nM;. By adding -unlabeled 
competitive targets to all y/e.Hs, the binding of labeled oligonucleotide is shifted, so that less 
binds at the lower concentration, and the level at which saturation occurs is moved up. One 
can add competitive oligonucleotides for, say, targets Tand 3 but not Zand 4, This shifts 

****** »■*--» ^ 

the sensitivity of the assay only for targets I and 3, In this way oligonucleotide targets of 
widely different concentrations can be. measured within one assay well, if the relative amount 
of oligonucleotide expected is known. - >;,. f 

The data can be quantified as explained above for, the binding of .one of the 
oligonucleotide, targets. Figure . 13 shows quantitatively that including competitive 
oligonucleotide in the assay shifts the binding, curve used to assay for this target to higher 


concentrations. 


r \ * 


. i ... .. .-•<■ < .•• . 


. „ * ' ■ j . ■ . 


Example 7 Melting Temper ature of Four Frohes (see Figure 14) 
; The amount of four different fluorescent labeled linker oligonucleotides specifically 
hybridized to anchor oligonucleotides by. the. MAPS assay is plotted a$. the temperature is 
raised. The four oligonucleotides were first allowed to hybridize at 50 { ° LV C for 1 hour at 300 
nM. Then the wells were washed with SSC y/ithput pxobps, and the ajjjipunt bound was 
measured as above by fluorescence (50° C point). Then the suffice at 55° C 

for 30 minutes and the fluorescence bound measured, and so on for all temperatures 
presented. .-, 


, v e * r 


25 


Example 8 ..vDfltectipii Methods ^ - - . 

Two detection methods can be compared directly; , To r a ,MA?S plate with four 
oligonucleotide anchors attached, each at fpur. spots per r well. are added two oligonucleotides 
to each well, with both including a coyalently attached cy 5 moiety or .both containing a 
biotin group. The epi-fluorescenpe measurement is performed as despi^bed for viewing and 
measurement of the fluorescent linker. The chen^uniinespence measurements are performed 
as described for the MAPS ass;ay usipg subsequent, addition, pf HRP:SA and a 
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chemiluminescenee substrate.: The /signals generated* are^ roughly of the same magnitude. 
However, for the geometry of the microplates, which contain walls separating each well, and 
occasional hubbies of liquid ibr a miniscus of fluid, inflections in the epi-fluorescence images 
. can- cause interference in data interpretation.' <±V \^ 



Example 9 Chelmihimin emin ence Pradircftfi : ; 

g v\V) i iTwo products available as chemiluminescenee substrates; forbofse radish peroxidase 
cah?be?comparedCas:detebticm proe'edaamsjfor the MAPS assay; A MAPS plate is prepared 
as fpp EJctoiple.vS,;and incubated with biotin^lated linker oligonucleotides; Then either 
alkaline.phosphatase coupfed tdistrept^vidiri (AlkPhos:SA) of HRP:SA is added, followed 
by washing, and .addition of either GDP^Siar. (Tropix) to the wells with AlkPhoscSA or ECL- 
Plus: tathfe wells with HRP:SA. LdbeUng with S A derivatized enzymes aiid substrates is as 
suggestedtby th)e manufactuf ersifor use-in labeling of western blots. "These two (as well as 
other available substrates) catn both be usied to assess oligonucleotide hybridization to MAPS 

.. plates: i- f t'T .l.oi.'.-i* • v«\j; 4 .->- .jr-. • \'hft . T x ;":.0-' Sv: ..il -i vV • 1 ;\ ; "\r . r- .:/ 

Example 10 Resolution at 0.6 mm. 

The resolution of the current system for MAPS .assay is -tested by preparing a MAPS 
plate with four different oligonucleotide anchors per well each spotted four times per well, 
with a pitph^ linkers or 

biotinylated linkers are hybridized and detected and scanned as above. For the epi- 
flubrescehce i^asurernent :thg resolution is higher (and pitch could likely be reduced). For 
the c^miliiminc^feiice detection -procedture neighboring spots &re not completely separated, 
yet at * this ^a&ingndri^^^ unambiguously by computer 

deconvolution/ iin a; -noio'.ai o :r,>:>- ab "OOi.' i u/z .-iv--, = .v.v*/ ..vi ■■-;.<'■;:.-.. 

Example lf JZdsl !S?ucl6flKi& Pro tection Protocol: • - x ^ ; c 

toan^assay to test fop the -optimal coMitic^ for hybridization arid nucleaise treatment 
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for the nuclease proteGtion^^otocol, the (Nuclease Protection Assay kit from Ambion 
(Austin, Texas) is use^;jto y .p?fr/v;ide. conditions; buffers: and enzymes: Eight samples are 
prepared in one of tfcee^hraS&s. Hyb Buff J: is 1.00% /Hybridization Buffer (Ambion); Hyb 
Buff 2 is 75% Hybridization Buffer and 25% Hybridization Dilution Buffer (.Ambion); and 
5 Hyb Buff 3 is 50% of each. A 70-mer oligonucleotide that contains 60 residues 

complementary to a test mRNA is synthesized (Biosource International, Camarillo, CA) and 
labeled with Psoralen-fluorescein (Schleicher /and SoluieJU^K^ne, NH) -following the 
protocol as suggested for labeling of ?soralen-biotin by Ambiom -Briefly, protection 

fragment is diluted to 50 ug/ml i^ 
10 boiled for 10 minutes, and rapidly: cooled in ice;; water. Four jils of 130 ug/ml Psoralen- 

; fluorescein- in DMF is, added, amd-the sampler is illuminated for 45 :aiir*utes at 40° C with a 
hand* held long w ayelength UV source. Free Psoralen- fl uorescein- is rem o ved*by extraction 
; with saturated butanoL The mRNA; \used is GAPDH anti-sense inRlM A,: r prepared from 
antisense.plasniid (pTRI-GAPDE -Mouse antisense Control Template frcin Ambion) using 
15 T7 promotei- and the MaxiScript kit (Ambion). The short protection I fragment is the 60-mer 

complementary portion synthesized separately and similarly labeled. The sequences of the 
protection fragments are as follows: 

Full length protection fragment: ■ • - ■/> .».;.; .-,«' t wS* SEQ ID: 23 

CGAGAAATATGACAACTCACTCAAGATTGTCAGCAATGCATCCTQCACCA 

Short protection fragment:, ... „. . ... oV SEQ ID: 24 

CGAGAAATATGACXAdTCACTC 

Hybridizations are done by mixing protection fragments at 20x<M andGAPDH mRNA at 
60 nM in 10 |ils final volume fpr:.two«;.hours.iat -22 9 G or 3 7 j ^.olloy/i-ng hybridization, 
25 200 |ils of a mixture of nucleases is added /according to instructions from the manufacturer 

(Ambion Nuclease Protection Kit, 1 :200 dilution of nuclease mixture) and incubated again 
at the same temperatures for 30 minutes. Hydrolysis is stopped with Hybridization Inhibition 
Buffer (Ambion), and oligonucleotides ere pelleted ^djvyashed^itii rEthanol, 10 |xls of lx 
Gel Loading Buffer (Ambion), is addeel and oligonucleotides a?e separated on a 15% TBE- 
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ureS : ger'*THfe gei ts-swMcklih : TU]inm put on ai plastic plate and 

irtiaged- fluorescein filtfefS ftir : Electing excitation and emission 

wavHeft|gth:s. The image is abcufritiluted on the C^^^rriy for 2 minutes. Best conditions 
are those for samples incubated in Hyb Buff 2 at 37 0 C or in Hyb Buff 3 at 22 ° C. In these 
- samples no detectable full-length protection fragment remains, and significant amounts of 
a portion of the full-length protection fragment at a size apparently the same as the short 
protection fragmeiit ; ^e Seehr ! 


Example 12 mR N A Assay b y NP A - M APS, (see Figure IS) 

The full NPA-MAPS protocol was used, with conditions for hybridization and 
10 nuclease 'tifeatmeht similar to th6ste ( described iri Ex^amjple 1 1 . Ten sariiples 'Were run for the 

, assay, contained the same aiwmnt^oCthe } 70-mer oligonucleotide protection fragment and 
different amounts of GAPDH mRN^. Hybridisation samples in 10 jils in 50% Hybridization 
Buffer and 50% Dilution Buffer contaihing y Ch'08 rtig/ml Y6ast RNA (Ainbion) were heated 
to 90 ° C for 6 minutes, briefly centrifuged, heated to 70 0 C for 5 minutes, and allowed to 
1 5 1 cool to T9 C C arid ihcubated^for l£ hotirsr200 jils of nuclease mixture was then added to 

eacKs;anpplg:fpr30 minute^ -at ,f9° Q. 60 ;jxls was ? ^liquoted from each sample for the MAPS 
assay. 2 \il of 10 N NaOH and 2 fil of 0.5 M EDTA was added, and the sample heated to 90° 
C for 15 minutes, 37 0 C for 15 minutes, and allowed to sit at room temperature for 20 
minutes. Then samples were neutralized with 2 ul of 10 M HC1, and 12 ids of 20x SSC 
20 containing 2 M HEPES pH 7.5 and 200 nM biotinylated detector oligonucleotide specific 

for the protection fragment was added along with 1 jjlI of 10% SDS. Samples were mixed, 
heated to 80° C for 5 minutes, and two 35 jal aliquots of each sample were pipetted to two 
wells of a MAPS plate (each sample was split in two and run in duplicate on the MAPS 
plate). The plate had been prepared as for standard MAPS protocol, with self-assembled 
25 CY5-derivatized linker specific for the protection fragment already attached. The MAPS 

plate was covered and incubated at 50° C overnight, and detection and luminescence 
performed as. described. In the last sample, no nucleases were added during the assay as a 
control to visualize how the protection fragment alone would be detected by MAPS. In the 


.( YJt 
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lower portion.ofthe figui:e,,th;e: intensity scan, (as analyzed by the imager) for the top row of 
wells is presented. The.amount of.GAPDH mRNA present in the. sample, (that is, the amount 
in each duplicate well after : aliqupting to the MAPS plate) is listed in the figure.. 


_ ■ - . . . • ' • • . ■ . . ■ < . v. • 


* « ■ •.. ^ • > . . • ,*.,.•• i - . : . ... . j .. 


The oligonucleotides used for the MAPS plates were as follows: : . t . >. 

Anchor*: SEQID:25 

CGCCGGTCGAGCGTTGTGGGAGCGC 

Linker** ■ ..<v V^v^v^ .' /■? ^:.'-> v =: *\ ,: S , < * "K/kSEQ ID: 26 

CTTGAGTGAGTTGTCATATTTCTCGG 

. . Protection fragment (complementary to mouse antisense mRNA fqr.GAPD|I) 

SEQ ID: 27 

- ; CGAGAAATATGACAACTCAC^ 
. TTGCTTGTCTAA 


Detector Oligonucleotide*** ^labeled at 5 5 bnd with biotih ; 1 ' v ; SEQ ID: 28 


j i\iu i vjwyjcAi UMii - v. ; - , -;j ( -... v , -.-T 

■'■ - * ■ " * \ i »• * 

*^chors.were^synthesized with C12 spaper wt^.amid^at the !f 5J end 
Linkers were synthesized with Cy5 attached at the 5' end 
Detector Oligonucleotides were ; synthesized with bio tih r attached at the 5* 


•** 


end 


i. 


Example 13 Bilnfion Curvft, NPA-MAPS (see Figure 16) 

The data discussed in Example 12 and shown in Figure 15 were quantified and 

..' ■ . . i . ■ . • . • • ». . •»■ ■— • - .-»• • ■' • ..* *J _ ■ v.* ^ ■ , t . . ..." 

plotted as a dilution curve. The average and standard deviations for all eight spots of the two 


duplicate wells are plotted for each concentration of mRNA. A binding curve is 
superimposed, of the form: 

* ; . * • ■ i " ■ " ^ 1 1 ! 

Fraction Bound = Max Bound * 1/ ( 1 + IC 50 /L) 


• ■ « • i t • . r . > T « ■ - J . . . . . ■ •; • , . ' 


where Max Bound is the maximum bound at saturation, Fraction Bound is the amount bound 
at ligand concentration, L, and the IC 50 is the concentration of ligand at which the Fraction 


I • I * T 


Bound is half of Max Bound. The curve is shown as red dots on the figure, drawn with a best 
fit value of IC 50 = 4.2 iemtomoles as labeled in the figure. 
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Example 14 NPA-MAPS assay of GAPDH mRNWift fl tota l mnirse liver RNA extract 
A total mouse RNA extract is assayed for GAPDH mRJNA with an NPA-MAPS 
assay and a dilution curve is made. Total RNA from mpi^se liver is prepared using a Qiagen 
kit, RNA is precipitated in 70% EtOH with 0.5 M Mg- Acetate, and resuspended in 10 uls 
5 of 5x SSC with 0.05% SDS with 1 .8 nM protection fragment. The protection fragment added 

is 4irr oligonucleotide 70 baseis long; 60 liases of which are k complementary to mouse 
GARDIi; > Either a fragment complementary to mouse CAPDH mRNA is used ("protection 
fragment"), or the complement of the sequence is used p a negative control 
("antisense fragment"). ^ 
10 v ;, JiNA samples, with protection (fragments are heated to 90° C for 5 minutes, and 

hybridizations are done by bnri^rig iaffiples to '70° C and Allowing them to cool slowly to 
room temperature over night. SI nuclease (Promega) at 1:10 dilution is added in 30 \ils of 
lx SI Nuclease Bu£f(^'(P^xp_ege.).fox; 30 ipinutes.at-19 0 .Q and stopped by 1,6 jxls of 10 N 


NaOH : arid.2.i7 ( ^1$, of 0,5 M EDTA. Samples are heated to 90° C for 15 minutes and then 37° 
15 C for l S n^inutes to denature and destroy RNA, neutralized with 1 .6 ^ls of 10 M HC1, and 

t incubate$ pi^.MAPS plates overnight in, 5* SSC with. 0.05% SPS supplemented with 200 
m^M iHERES-pH .7^ to whiph 30 nM biQtinj4ated detection oligonucleotide is added. 
• Washing t 2uid visualization with SA-HRP is . done as described. The amount of signal 
decre^^iivparallel y/iHx decreasing, ^mounts of mouse ? R^A (samples include 500, 170, 50, 
20 v1 ,5,<?rQ r 5,^ggf tqtalm^ whichno SI nuclease 

j i$ : added* : Signal i% pepp only for ^ 


► ■ / i * . . ' • \JL .•. .. • . . >..'.* ...ii. tv, • j ■■ . . « • . 

, Oligoimcleotides used: : > -.^vl.-,..-; . r.V-s j-, ... ' i 

For /^ti$ensje,OontrQl (same ^lOljgQwclqotides as for example 12): ^ , , -; 

Anchor*: " [ " ' ' SEQ ID: 25 


Linker*,,; r >. ... rS ... . . SEQ ID: 26 

CTTCA 

Protection fragment (complementary to mouse antisense mRNA for GAPDH) 

:; \-,rv ■:>] -:^f-:-i ... - „ ,^ ( . 'iii-.sl) v ' - - SEQ ID: 27 


TTGCTTGTCTAA 
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Detector Oligoimcloeojide '■■ ,SEQ ID: 28 

AAGCAGTTGGTGGTGCAGGATGCAT 


For Sense GAPDH mRN A samples: 

Anchor*: '•• ■-- • ... SEQ ID: 25 

5 CGCCGGTCGAGCGTTGTGGGAGCGC 

Linker" : *' " SEQ ID: 29 

. ATGCATCCTGCACCACCA.\CTGCTTGATA : CT 

Protection fragment (complementary to mouse mRNA for GAPDH): SEQ ID: 30 

•AAGCAGTTGGTG 
10 CGGCTTGTCTAA 

Detector Oligonucleotide*** "SEQ ID:31 

CGAGAAATATGACAACTCACTCAAG 

'Anchors were synthesized with C 12 spacer "with aihicie a£ the 5 ' end 
"Linkers were synthesized with Cy5 attached at the 5 ■ end 
15 Probes were synthesized with biotin attached at the 5* end 


Example 15 A Nuclease Protection M ATS A-ssa v with" Chhtrdls. 


; " - " mRNAis extfacted'-froih nibiiseliver and nuclease prbtcctidri is-peribrined essentially 
as described in Example 14, except that the GADPH specific; protectibii 'fragment comprises 
6C nucleotides which are complementary to mouse G APDK, follow ea by- i 5 "overhanging" 
^0 — — — : — nucleotides at the 3* end of the fragment whi crt are hot conipleineiitary Qie targ et. After 

hybridization and nuclease digestion trie remaining protection fragment is hybridized to a 
MAPS plate as indicated in Example 14 -cx^^ 

•'fragments' are used to" detect the iimiibbiSzed'protectiori "fragmeiiti One-, detection fragment 
is complementary to the GAFDH-isperi€c : 'jpbitibtf of the -ptotf^tibn--frkgr^&ii-; -"arid the other, 
25 a control, is complementary to the 15 base overhang portion of the protection fragment. 

Each detection fragment is used on different replicate samples ^fce.?^ diffefent wells), so 


that both detection fragments eah We 4abSiett>^ith Ithe ! Me c detfecddh j ftiolecule. In the 
present example both fragments are;l^le4:\yith; f JRiP.. Wi^o\it^i4di'tion of nuclease, 


signals from both of the detection fragments are $e$n; whereas, whenmiolease digestion is 
30 performed only the signal corresponding to the GAPDH sequences can be detected . The 

amount of GAPDH-specific signal is reduced relative to that observed in the absence of 


nuclease digestion, because the protection fragment is ^fi^^in6ML^ative to the amount 
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.of GAPDH mRNA present; This allows the amount of GA^t)H mRNA to be limiting to the 
prtitectiye hybridization, -so that the^ amount of doubig-strkiaded hybrid formed (and therefore 
i the amount of protection fragment that is protectfe^fioiri the^ nuclease) reflects the amount 
of mRNA; When no mRNA is included in 'the reaction mixture, neither signal can be 
5 detected when nucleases; are added'; * The aboV-e findings demonstrate that the hybridization 

and -digestion steps of the ^assay : occurred as desited. . - ; i 

~ vJV^^ corresponding tb a variety of targets are included in a 

given -assay, each ^ the same 15 base overhang 

portion: ' Thiis allows for* dfte dete^tiferi fragmeht to be used to test for remaining overhang 
10 for all islahi^les; ^ ' ^ A 


Example t6 A transcript^ may alter the 

expression of geiies that are corbel ative with a disease state. ■•■ 

- A'^lt line derived frbnila-hi^ 30 genes at 

higher 1 levels 1 than do normal cells:- (Thit is, these 30 geheis are- beiftg tised more than in 
15 normal GfcliVtb make iriRNA and then to thake the protein for which the genes are the 

instrUtticMs;' - A = transcription ^5ay mealsiir^s how 'much the genes are being used by 
measuring how milch mRNA for each g£ti£ is present.) Using a nuclease protection assay 
on MAPS 'pfetes^CNPX^MAPS^ 8800 chemical compounds are tested to see if growing the 
cells- ift the presence df the "compounds cstii reduce the expression of some of the 30 
20 correlativS'^gdiies - ; Without v affectiiig 'the 'expression 1 of- six '"' norriiial (constitutive, 

; "housekeeping'^ 

develojjfiienrBf d^gs Tot - ^= ^» 

••'< AboSS roiOOO^to* lOO^0O;£6ns -afe ; aaded to each Well of 100 96-Well polystyrene 
plates and the cells are grown for 2 days until they cover the surface of each well. For 8 
25 wells of each plate, the £elis the remaining 88 wells 

of each plafe,<a^iffferfertt bhemidal cbmpotfiidis added so that the effect of it alone can be 
tested. For the 100 plates i^dd l at r one time, 8800 cbmpounds can betestedor screened. The 
cells afe- groWn fe^ 24 hours iii the presence of'the compounds, 5 and then the cells are 
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harvested for assay; The; cells in each plate, are .treated according to. the L.iastruetions for 
preparing RNA in sainples frp*n 96-well plates (for example according- to. .the Qiagen 
RNeasy 96 kit). After .ith^FIsIA . is prepared, the amount of each of 36 .different mRNA 
species is quantified by : ^e : W A-MAPiS ^approach, -including the -30 correlative genes and 
5 6 normal - 'housekeeping" genes; 36 DNAl oligonucleotide protection fragments, each 

corresponding to one of the genes of interest, are added to each well arid allowed to 
hybridize under selected stringent .conditions to tbeir target mRNA sequences. Then S 1 
nuclease is added to destroy excess unhybridized P and the samples ; are treated 
. . chemically to destroy the RNA as well. .. Left is thp oligonucleotide protection -fragment for 
1 0 each of the 36 genes in proportion to how much mRNA had been present in the treated cells 

for each sample. 

.v. Qne hundredt^Twell plates, pach 
different anchor oligonucleotides in each well, are prepared, by adding ,t0) eaph well 36 
. different- linker oligonucleotides;; The linkers self -assemble on , thq surface of each well, 
15 converting the generic plates to MAPS plates comprising specify probps for each of the 36 

oligonucleotide protection fragments. .Each linker has a portion specific for one of the 36 
anchors and a portion specific for a segment . prpne of the-3,6 protection oligonucleotides. 
The oligonucleotide sample fr^ jyeli of the' 1 00- sample: plates : is added to a 

:> corresponding well of the 100 
20 conditions, a detection: oligonucleotide; for, each, target ^vith a chemi^um^escent enzyme 

attached is added, so that ea^b specific spot of each well lights up in proportion to how much : 
mRNA had been present in the sample, Js&y ^ wells.thatshpw reducedt^pvints of correlative 
genes with no effect on the 6 house keeping genes ; i^e interesting, ^j^ gpmppunds added to 
the cells for those samples are possible starting points to develop a#i tiimor agents. 

25 , Example 1 7 Induced an d coinstitutive gene eypression , ? v 

RNA was prepared- essentially a§ : described in: : £^amg!e: : l 4,. from the iivers of mice 

r 

either not infected Control^-) or -one hour ^fter L .iijf^ticKn X^^fepted''-) by adenovirus. 60 
figs of liver RNA was used, for each sample, and samples were-prppared in duplicate. Each 
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assay-Well contained.three sets of duplicate loci, corresponding to the three genes described 
above, ? Each tlbcus .contained an :anchor;' bound: tq arli^er: comprising a probe which w 
complementary to a protection fragment corresponding^: one of the three genes. A nuclease 
protection MAPS assay was performed" essentially as described in Figure 12, and the images 

5 were collected arid scanned ks^described; Shown are the raw image data collected and the 

intensity scans fonduplicateWells^for each of the three mRNA targets. The numbers over the 
scan'>iines are the integrated intensity values iand standard deviations fot each condition (n 
= 4)i*Ehe house-keeping gene; GAP©H; not expected to change, showed a modest increase 
of 1*3-Md in the- infected- sample that was hbt statistically significant; The transcription of 

1 0 MIP-2 and <t*jtifl was increased^ T and 6-^fold- respectively. -These findings demonstrate that 

two r genbs, MIP^2- and: cvjun, exhibit enhanced expression in response to< adenovirus 
infection 1 , cbfnpared tb a 'control^ constitutively expressed gene - GAPDH. 

Rvampltelft ,ri An enzyme 1 assay screening for compounds that selectively inhibiF 

tyrosiffe ftrisfcrlfle kinases (see Figure 1 7)« - ^ - ^ 

15 ■ ' * a , : -Kinases ate enzyrnesr that attach a phosphate to proteins; Many have been shown to 

stimulate'ntfiteal and^^ 

(but not all kinases) cantee used to? test whether the kinases ar6 involved in pathology and, 
if so, to serve as starting points for pharmaceutical development. For example, five tyrosine 
kinases ihat are- involved in stimulating -ceil growth o^ in regulating the inflammatory 
20 response ^a!re Src; Ick* fynf Zap70, and yfes. ' Each kinase has substrates that are partially 

identified/as shdrf ^ 

so that diSereiit Mndses^ ^ ma^phos^hotylate st)me peptides equally but others preferentially . 
For the fivfcldhaSes, 36>pept^e su^trates are selected that Show a spectrum of specific and 
overl^fciffg^ iAi t^i^bvj 

25 ' • ' • One hundred 96-well plates are u^ed; each* well comprises 36 generic oligonucleotide 

anchors. ^36 liflkers are prepdredtb cdhveft the generid oligonucleotide array (with anchors 
only) to iftay!s c b6mpiism 36 peptide substrates are synthesized and 

each is at&ched cb^ to- an oligonucleotide 
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containing, a .5'= amino group. The oligonucleotides contain sequences , th££ hybridize 
specifically to the anchors. The. peptide/oligo linkers are self assembled. on the surface by 
adding them to all wdte:cf^-MAP9.plates-;- - !} 

For screening, the five kinases at appropriate concentrations (so thatithe rates of 

5 phosphorylation of the substrates are balanced as much as possible) are added to. each well 

along with one of 8800 different compounds to be tested.: .The compounds are tested for their 
ability to directly inhibit the: isolated enzymes ■ o {The: amountof phosphorylation, of each 
arrayed peptide is detected by adding, labeled antibodies that bind only to peptides that are 
phospkory'ated on tyrosine. Any wells.lhat \ show ■ J ^Teductio'ttJn...some;"Qf the phospho- 
0 tyrosine spots but not all of the spots are. Interesting- Compounds that had fteen added to 

those wells can be tested further as possible selective inhibitors of some of the kinases tested. 

The scheme of the assay is shov/n m the top panel of Figure .17, A chimeric linker 
molecule is prepared in which a 25 base pair oligonucleotide complementary to one of the 
anchors is.CTpsslmke,d-to a peptide substrate of a Cosine phpspholcma^c enzyme. The 
1 5 chimeric oligo-peptide substrate self-assembles onto an array of oligonucleotide anchors, the 

kinase enzyme is used to phosphorylate the peptide portion of the-phim^ra, and after the 
enzyme reaction is allowed to proceed, the aitxoimt ofrphosphoryl^oa of the peptide is 
. determined by auti-phoshctyrosine, an attached 

detection flucrophore or enzyme^ vc*-.,::;: v ■ <}<: r ,.v/:xi *■->. ■_>■■ a : - 

20 . The iresulte of the :assay ^fe shown in ;tJie . lower panel. .The ; homcbifiinctional 

i crosslinker^PSS (Pierce)^ w 
to the N ternxinu^s of t peptide synthesized y/i& a p^^ of 
the peptide ir. single-letter, code was:-TSE^QpXQ£G pY 
represents phcsphoty^osine. The; chimera was t ^ pH 14 

25 for 60 minutes in order to partially hydrolyze the phosphate grpug ftcm r the tyrosine. The 

phosphorylated or partially dephosphorylated c^iQ^^molecule&owere self-assembled onto 
complementary anehor.molecules^within a MAPS -plate at the concentrations shown for one 
hour, After y/ashing and biocjring the wells with 0,3;% BS A in SSPTP antiphosphotyrosine 
antibody crosslinked to HRP (antibody 4G 1 0 from Upstate Biotechnology, Lake Placid, NY) 
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. : was<added at a 1 :3000 dilution ittSSPTP for one hots^and the amount of antibody attached 
detected with bhemiluminescence substrate, SuperiSigtial Blaze. The image shown was 
^ accumulated on. the CCD array, for d minute.^ As ^d%»ecred ; & difference was seen in the 
amount of phosphateattached to the oligo-peptideL This difference is the basis for an assay 
5 -measuring how.: active a series of kinases is when treated with different possible inhibitors. 

• ■ • 1*. ■ \ \\ : : : .'• . : ' : ...j .* :.\ > ; •-. i* - • • • . ... - • * • -- 

Example 19 f > A hfariirtg; assay for.the detection ;of selective inhibitors of th e interaction 

hfttwf ftn-S m domains and phosphorvlated peptides. ; . 

.v.- :.;SH2 domains serve' ®k docking r subunits of some growth regulatory proteins. The 
■: domaih^bind to phosphotyr6sine J containmg proteins of peptides with imperfect specificity. 
10 That sfctae\>hosphbtyrosine peptides bindispecifically ;to 'one or to few SH2 proteins while 

others bind widely to many SH2 proteins. L ; u • v , 

For this assay, the linkers are phosphorylated peptides covalently attached to 
oligonucleotides. The peptide moieties are selected for their ability to bind to a group of 
seleeted^H2 proteins.* The linkers convert generic MAPS plates to plates With ligands 
15 v .specific-for-the group of SH2^proteiiis. 1 00 96-well MAPS plates bearing the ligands are 

generated; iThe^ proteins -afe isolated and labeled with, for example, a cy5 fluorescent 
molecule;: a v ■■ySd:& vn . ■ roli:\S'\i\ ' f i-y*3 ; ' o o'"^ 

V -/iiln Order to ^reen tfop inhibitors Of the SM2 domain/ phosphopeptide interaction, the 
group of labeled SM2 proteins added to each well tof the 100 96-well MAPS plates, and 
20 in-:each < well i different test compoiHidi is added, Hetice the effect of each compound 

individually on the interaction of thfc SH2 proteins ^wijfi their phOsphopeptide ligands is 
tested. The assay is to measure the fluorescence of bound SH2 protein associated with each 
surface-bound peptide linker. For any well showing reduced fluorescence at some spots but 
not all spots, the compound added can be further tested as a putative selective inhibitor of 
25 SH2 docking. 

Example 20 THTigh Throughput Screening (see Figure 22^ 

Shown is a high throughput MAPS plate demonstrating the detection of signal from 
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96 wells in a single. experiment.' Hybridization to the same oligonucleotide was measured 
with 16 replicates in 30 ■well&.q. As shown, the reproducibility of the 1280 hybridization 
assays was very high.^r Tlhe; left-most and . right-most columns served as , controls to 
standardize the signal for different concentrations of the oligonucleotide. 

5 In a similar fashion, 1 6 different oligonucleotides can he tested in each well, and the 

test repeated in the 80 different wells of the plate. Of course, an even greater number of 
different oligonucleotides or other probes, £e.g ff [ LOO rracldotide, probes) can: be assayed in 
each well, and many plates can be tested sinm 96-well 
microtiter plates). The large number of assays which can be performed 6n each sample (e.g. , 

10 in the latter case, about 100 different assays) and the large number of samples iwhich can be 

assayed simultaneously (e.g. , in the- latter about 96 x 1 00* or 9600 different samples) 
provides for very high throughput. 


c. Erom the foregoing description, one skilled in the art can easily ..ascertain the essential 
characteristics of this invention, and; without departing from 1he spMi ^d;s€xxpe thereof, can 
1 5 make changes and modifications of the invention :to adapt it to various ^age and conditions. 

: ■ * Without further elaboration, it is believed that one slriH^^ 

preceding description, utilize the present invention to its fullest exterit;t -The preceding 
~ preferred specific embodiments are, therefpre^ to construed as merely .illustrative, and not 
limitative of the remainder <of the disclosure in any c 
2 P The entire disclosure of all apgUcaticns^patents v8n(i'p'4bUG%t)9iis^ited above and 

in the figures are her^ ; : ; ,; v ;- v : . 

• :■ ' -5 . •' \;:- ~i ■^.'Vvi'' Li:-.y v-'V v.'-'V .v.v-,vv;; : z >Uittt"'i bott^l- 

• • • . ... 

••• • • -■ -.» s - '■.« -iC . •• ■ **_ i; 

. ... . - . ■ : r. 
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i ■ * 
. * — — . _ . . 

„ r »•.■ ■"> »■ i ! ■ * > ... • • ........ i . . " j : . ■" J •• , ',*,«**-".;;*.. : > 

h r .. •.■••«?* \-< -,.V.7r. K--' ."'.an.-, •■n.-r* '■'>.', ■' ! 

1. A combination useful for the detection of one or more target(s) in a sample, 
whfcHeompriisels, b€5fore 'th^4ddiliofa : 'of 'said siamplev ~ '• 1 

- • « ^ km i i' stirface, fcomprisin£ multiple ^pattially discrete region^, at least two of which 
are suBk^tialty identical; ? each"f bgio : n r fcbiiprising ; ' : '■ :r '" : * !l 

b) at least eight different oligonucleotide anchors, each in association with 
xsr c y,hr\ % Afunctional linker which 1 has a first portion that -is specific for the 
oligonucleotide anchor, and a second portion that comprises a pVabne whibh' is specific for 

v - > said tatgg^(s):- ; : — n / ' ' " A ' c . :ot — - : 

2. The combinatibfiof claitril, wherein each region comprises at least about 64 

difl^^oKgoriucleotideari^ r 

3. The combination of 'tlMm 4; Having at least about 96 to about 1536 
substantially id^fical regi : 6risv : -viojJmhj u"«~ -ftiLr. ; ^ • ?s ( 

■ - «*l.^q2 ai ^ e6mb&latioriWdlaim , 1 , whferein- each df said regions comprises about 
30 tdafcbttt'^ : i • ' - ■ 

' ; ; — > r '5? ^ ;p Tfte combination of blkifri 1, having about £6 substantially identical regions, 
'whemneach^ anchors. 

6* The c»mbindtibK : Sf tlaSiSa^, having ab&uf substantially- identical regions, 
wherein ea^ff r^gioii cdmpnse£ ^tfut 9; I6vbr 25 Afferent oligonucleotide anchors. 

1 "'1^^ 4 9 having ab6\it ! T536 substantially identical 

regions, whbrbin : eiach ^fegfon^Bm^risSs about 4 df'9 different oligonucleotide anchors. 


8. The combination of claim 1 , wherein said regions are further subdivided into 
smaller subregions. 

9. The combination of claim 1, wherein the region further comprises controls 
for hybridization efficiency or specificity. 

10. The combination of claim 1, v/herein the region further comprises controls 
for the capacity of a locus to bind target. 

1 1 . The combination of claim 1 , wherein said probe is a nucleic acid. 

12. The combination of claim 1, wherein saii probe is a peptide or protein 
. molecule. ; t .', ■ • . 

13. The combination of claim 1 2, wherein said peptide or protein molecule is 
. . .coupled to the first portion of said linker rnolecul^ v/ith a: coupling molecule. 

14. The combination of claim 13, wherein said cpupling molecule is biotin or 

- streptavidiri. • -. t .- .• ... : . . •.>.-;■■ < ... . - . 

. ^ ■■ .-■ — • 

15. , ; The combination of claijn 1 , wherein said probe is a substrate fo^ 
; ^ , or a ligand for areqeptor. r ~ c '> r: - y * -, : ; \ : , \,. ; . >--.;. — 

16. A combination useful for the detection of one or mop? ; ^get(s) in a sample, 
■A.- : ,r> :: > which comprises, before the;^dditiP n P^Md sa^pl*^- j. : .■«< 

a) a surface, comprising multiple spatially discrete regions ,,at least two of which 
. r : are substantially, identical,: each region, comprising . 

b) at least eight different anchors, ea$h/2n association with , 

cY . a biiunctional lix^ier; which has a first portion thet is specific for the anchor, 
and a second portion that comprises a probe which is specific fojhsaid tar^et(s). 

17. 5 A method of detecting at ^least-pne^gei, .ppm^yising contacting a sample 
which may comprise said targets), with ;(fag ^pmbination of claiin , I, : .mider conditions 

..• effective fpr said tar^^ 

18. ; A method of detecting atleast pi?.e target comprising 

a) ;., contacting a sample which may comprise said target(s) with the 
• combination, of claim 1 , under conditions effecti ve for said target to , bind to said 
combination, 
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b) contacting said combination and any bound targets with a labeled 
detection probe, and r ' : - ' ; • . • ; 

;; c) ^detecting said detection probe. . \ ; r brrf ... v 
• .v.::; 19i The method of claim. 17, wherein said labeled detection probe produces a 
. f i chemiluminescent signal; , v . : . y, • 

20, The method of claim 17, wherein the target is measured. 
21 v o The method of claim 17, furdier comprisirig subjecting said sample to a 
•nuclease protection procedure. > ; ^ ^ : / 

o v.Mi::22.::.- The .method of claim^ 17, which identifies an RNA expression pattern, 
wherein said target(s) »are atleasttwo RJtf A molecules and wherein each of said probes of 
; isaid?cbmbinationis an oligonucleotide which is specific for at least one of said RNA 
t^gets^wherein the tocufcatipn of said sample with said combination is performed under 
coiicfiiidns which are ^effective for specific hybridization of said RNA targets to said 

; : — : — : : — : • 3 1 * " 

- probesV • ■ " 1 •;r.r*o>'. ,. ■ t:-:- .;: ; \:< -{ ■ r . 

23. The method of claim 22; which identifies an agent that modulates an RNA 
expre^idn^atiem, 'further comprising comparing the RNA expression pattern produced 
in the presence; of said agent to the RNA expression 5 pattern produced under a different 
set of conditions. :r:s : ■> i m >' ? m.j ^ • :-. 

- ;>24; - ^ rThe method pf claim 1 7, wherein saidtarget(s) is a protection fragment. 
25. The method of claim 17, ftirttier c6mprising, 

a) incubating an RNA extract with one or more? protection fragments under 
conditions which are effective for hybridisation of said protection fragment(s) to RNA(s) 
of interest in said extract, > : 

-^•.•J £ ,^j)-.hp7. -sufoj^ctittg 's&d*:extradtt<$ treatment with one -or more-nucleases effective 
for digesting ^ibs^antially,a(lt nucleic adid other than tWe protection fragments) which 
have hybridized to the RNA(s) of interest and, optionally, the portion(s) of said RNA(s) 
which-hlavS been' hybridized; and* 1 -- '- - ^ ; . , 

r.iifyr* ^^ving substantially all nucleic acid material other than said protection 
fragments which havk hybridized to said RNA(s) of interest* to provide a sample 
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containing, as a target(a)^Qie protection fragment(s). 

26. A method of claim 17, wherein said combination comprises . a large 
number of said regions, and wherein the method is a high throughput method. 

27. A method of rapidlyiassayihg, a large number of samples, comprising 
placing each sample in a separate region of a combination of claim 1 and determining the 
presence of said target. .uo'iviw S I ;••'} \; 

. 28. .\: A method ;of;deteeting at least one target, comprising 

a) contacting a sample which may comprise said target(s) withia bifiinctional 
linker .which has a- first portion? that is specific for an oligonucleotide anchor and a second 
portion that comprises a probe which is specific for said target(s), under, conditions 
effecti ve to -obtain a first hybridization.prbduct between said target(s) and said linker, 

r: b) ; .hi contacting said fircthybridization product with a combination under 
conditions, effective to obtain a second hybridization product bety/een said Qrst 
hybridization product and said combination, wherein said combination comprises, before 
Jhe addition of said first hybridization product, ; ? , r r ; 
i-?-; . 1) . a surface comprising multiple spatially dis^ete^r^gions, at least 

two of which are substantially identical .each region comprising - r^rr v 

2) at least 8 different oligonucleotide anchors, c ^o ' :> . > 
.r-.c) .contacting said firsst hybridization product or said secoild hybridization 
product with a labeled detector, p^pb.e, and , . ; ; : - -i ; ; ;;: 
.d) ;:;:v detectmg s ai d detection prober ' .; ; t nh: • 
v 29. c • AJciiijseful for^erdetectioii af at 'least;Qne target in a sample, which 
comprises: jou.:--.. ^ :J - :^v^r - 

a) a surface, comprising multiple spatially discrete regions, at least two of 
which are substanti^ly- identical,' -eaQh:regi^:cc5i6pri§if|g at- least- : ei^it different 
oligonucleotide a^qhors-, and: \: , :j: p 

b) a set of instructions for attaching tx\ at least one of said oligonucleotide 
anchors a bifunctional linker molecule, .whiph has a first, portion specific for at least one 
of said oligonucleotide anehor(s) and a second portion that .comprises a probe which is 
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specific for at least one of said target(s). 

30. A kit of claim 29, further comprising, 

c) a container comprising at least one Afunctional linker molecule, which has a first 
portion specific for at least one of said oligonucleotide anchor(s) and a second portion that 
comprises a probe which is specific for at least one of said target(s). 

_ > — 

31 . A method to detect one or more nucleic acids of interest, comprising subjecting 

■ . ■ * . - . 

1 k 

a sample comprising said nucleic acid(s) to nuclease protection with one or more protection 
fragments, and detecting the hybridized, dupiex molecules, or the single strand protected nucleic 
acid(s), or the protection fragment(s)* j 

32. The method bf cladm 31 > wherein the method is a high throughput method. 

33. The method of claim 32, wherein the nucleic acid(s) 

protection fragment(s). ; : V jS ; 'J*- i ■! ■ '"'■^ \ 

34. / ^ The. method 6f claim 33i wherein at least two different protection fragments are 

—detected ^ ; '- {y ' y *- 1 H~> K : £ C 

35. i Th^method df ctaiirr 33, wherein at least 16 different protection fi&gments are 

detected. vj % • 5 .#". '.' >\ \ ■ '■' : . V: ^ | ., % y 

36. I Tttt£! irfethdd of claini 32i wherein the nucleic acid(s) which is detected is a 
hybridized ouplf&molecule:. r'- vi - . r , , i :■• 

37. % Tj^ j^thod of claitop^;%hprein the nucleic acid(s) Which is detected is the 

protected nucletc^SQid^ . ^V'--t . "vj! i< ■ > 5 

38. ; > ^Ifeimdthpd o!fciaim^2, wherein said nnfe^ic acid(s) of interest is measured. 

39. i^^f^th^.bfrolaim'SS, wherein the aucleic acid(s) .which is ; measured is a 


protection fra^^i^sYi f; >y ' /' . / 

40. i [t^SarahSd<if claim 32, wherein said protection fragment is modified chemically, 
and said chemioSlt-modification, with or without the nucleic acid portion of the protection 


fragment, i? detected. 
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